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THE  MISSION  OF  AGARD 


The  mission  of  AGARD  is  to  bring  together  the  leading  personalities  of  the  NATO  nations  in  the  fields  of 
science  and  technology  relating  to  aerospace  for  the  following  purposes: 

- Exchanging  of  scientific  and  technical  information; 

- Continuously  stimulating  advances  in  the  aerospace  sciences  relevant  to  strengthening  the  common  defence 
posture; 

- Improving  the  co-operation  among  member  nations  in  aerospace  research  and  development; 

Providing  scientific  and  technical  advice  and  assistance  to  the  North  Atlantic  Military  Committee  in  the 
field  of  aerospace  research  and  development; 

- Rendering  scientific  and  technical  assistance,  as  requested,  to  other  NATO  bodies  and  to  member  nations 
in  connection  with  research  and  development  problems  in  the  aerospace  field; 

Providing  assistance  to  member  nations  for  the  purpose  of  increasing  their  scientific  and  technical  potential; 

- Recommending  effective  ways  for  the  member  nations  to  use  their  research  and  development  capabilities 
for  the  common  benefit  of  the  NATO  community. 

The  highest  authority  within  AGARD  is  the  National  Delegates  Board  consisting  of  officially  appointed  senior 
representatives  from  each  member  nation.  The  mission  of  AGARD  is  carried  out  through  the  Panels  which  are 
composed  of  experts  appointed  by  the  National  Delegates,  the  Consultant  and  Exchange  Program  and  the  Aerospace 
Applications  Studies  Program.  The  results  of  AGARD  work  are  reported  to  the  member  nations  and  the  NATO 
Authorities  through  the  AGARD  series  of  publications  of  which  this  is  one. 

Participation  in  AGARD  activities  is  by  invitation  only  and  is  normally  limited  to  citizens  of  the  NATO  nations. 


The  content  of  this  publication  has  been  reproduced 
directly  from  material  supplied  by  AGARD  or  the  authors. 
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PREFACE 


En  1976, 1’ASMP/ACiARU  a decide  a la  demande  du  Comite  "Sciences  du  Comportement”  d’organiser  une 
reunion  sur  les  charges  de  travail  des  pilotes. 

Cette  session  a 4te  divisee  en  deux  parties: 

Methixles  de  inesure  de  la  charge  de  travail. 

— Etudes  de  la  charge  de  travail  des  pilotes. 

Ces  2 sessions  sont  done  complementaircs.  les  “Etudes  de  la  charge  de  travail  des  pilotes”  souhaitant  avoir  un 
caract4re  plus  concret,  plus  applique  au  travail  de  I'aviateur  dans  des  situations  r4elles  op4rationnelles  ou  lors  de  vols 
simul4s. 

La  necessite  de  niieux  connaitre  la  charge  de  travail  du  pilote  est  chaque  jour  plus  grande  car  les  progres  de 
I'aeronautique.  de  I’avionique,  des  armements,  de  I’electronique  . . .: 

procure  une  complexite  croissante  des  avions  et  des  helicopteres; 

— developpe  une  sohpistication  poussie  des  systemes  d’armes; 
auginente  le  nombre  des  informations  a traiter  par  le  pilote; 

modific  en  permanence  les  systemes  de  presentation,  sans  automatiquement  les  simplifier. 

La  ranvon  de  ces  progres  a pour  consequence  de  rendre  les  missions  plus  difficiles  plus  stressantes,  parfois  aux 
limites  des  possibilites  humaines. 

Malgre  les  nombreuses  publications  existantes,  I'actualite  du  sujet  persiste.  Elle  est  meme  accrue  de  nos  jours: 

pour  les  helicopteres,  par  I'utilisation  op4rationnelle  de  I’heiicoptere  a basse  altitude  en  “rase-motte”,  par  son 
emploi  en  condition  de  vol  sans  visibility  ou  de  nuit, 

— pour  les  avions,  par  I’avenement  d'une  nouvelle  generation  d’avions  avec  possibility  de  manoeuvrability 
considerable  done  generateur  d'accelerations  importantes. 

La  finality  des  “Etudes  de  charge  de  travail”  est  d’essayer  de  quantifier  la  somme  de  travail  que  peut  fournir  un 
pilote  a chaque  instant  en  le  repla^ant  dans  I’environnement  physique  particulier  de  I’avion  (temperature,  bruits, 
vibrations,  accelerations  . . .)  et  aussi  dans  le  contexte  psycho  sociologique  et  affectif  . . . Ces  diverses  variables  peuvent 
en  effet  avoir  une  influence  importante  sur  les  performances  humaines. 

Pour  le  meeting  de  Cologne  (avril  1977)  1 2 communications  ont  etc  selectionnees  et  rassemblees  dans  une  session 
d’une  journee  le  21  avril  1977. 


PREFACE 


In  1976,  at  the  request  of  the  “Behavioural  Sciences”  Committee,  the  ASMP/AGARD  decided  to  arrange  a meeting 
on  the  work-loads  ol  pilots  This  session  was  divided  into  two  parts: 

Methods  of  measuring  the  work  loads 
Studies  of  the  work  loads  of  pilots. 

These  two  sessions  are  therefore  complementary,  the  “Studies  of  the  work-load  of  pilots”  aimed  at  being  of  a more 
concrete  nature,  more  applicable  to  the  work  of  the  airman  in  real  operational  situations  or  in  simulated  flights. 

The  necessity  for  a better  knowledge  of  the  work  load  of  the  pilot  becomes  more  important  every  day  as  the  progress 
in  aeronautics,  avionics,  armament,  electronics  . . . 

brinp  increasing  complexity  to  aircraft  and  helicopters, 

develops  an  advanced  sophistication  of  weapon  systems, 

increases  the  amount  of  information  to  be  dealt  with  by  the  pilot, 

continuously  changes  the  presentation  systems  without  automatically  simplifying  them. 

As  a consequence  the  penalty  fur  this  progress  is  to  make  the  mis.siuns  more  difficult,  with  more  stress,  sometimes 
up  to  the  limits  of  human  capabilities. 


IVrspite  the  numerous  existing  publications,  the  topicality  of  the  subject  endures.  It  is  even  increasing  today; 

- for  the  helicopters,  by  the  operational  use  of  the  helicopter  at  low  altitude  in  “nap  of  the  earth”  mode,  by  its 
use  in  night  flights  or  flying  blind, 

for  the  aeroplanes,  by  the  arrival  of  a new  generation  of  aeroplanes  with  considerable  manoeuvring  capabilities, 
thus  generating  high  acceleration  loads. 

The  end  in  view  of  the  “Work-load  Studies"  is  to  attempt  to  quantify  the  sum  of  work  which  the  pilot  can  provide 
at  each  moment  by  putting  him  back  into  the  special  physical  environment  of  the  aircraft  (temperature,  noise,  vibration, 
acceleration  . . .)  an.'  also  in  the  psychosociological  and  affective  context . . . These  different  variables  can,  in  fact, 
have  a considerable  influence  on  the  human  performance. 

For  the  Cologne  meeting  (April  1977)  1 2 papers  have  been  selected  and  combined  into  a one-day  session  for  the 
21st  April  1977. 
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RLSUME 


La  session  eonsacree  aux  “Etudes  de  la  charge  de  travail  de  pilote”  a rassemble  douze  communications. 

Six  communications  concernent  revaluation  de  la  charge  de  travail  sur  helicoptere  montrant  ainsi  I'importance  et 
les  ditTicultes  nouvelles  des  missions  uperationnelles  sur  heiicoptere.  Liles  comprennent  une  etude  generate  des 
contraintes  particulieres  du  pilotage  de  I’heiicoptere  (Bl ),  les  problemes  poses  par  Ic  vol  a basse  altitude  (B2  et  B3), 
par  les  vols  de  longue  duree  (B4),  par  I'atterrissage  et  le  pilotage  sans  visibilite  (BS  et  B6). 

Cinq  communications  sont  consacrees^  des  probiemes  specifiques  aux  avions,  vol  de  longue  duree  sur  avion  de 
combat  lors  de  deploiement  transoceanique  (B7),  cout  metabolique  e*  endocrinien  du  vol  sur  avion  de  combat  (B8), 
nouveau  systeme  de  visee  pour  tir  air  sol  (B9),  appontage  de  nuit  au  cours  de  campagnes  operationnelles  prolongees 
sur  porte-avions  (BIO),  qualite  de  vol  et  charge  de  travail  sur  avion  de  transport  court  courrier  (Bl  I ). 

Une  communication  etudie  par  questionnaire  dirige  les  caracteristiques  particulieres  du  travail  des  differentes  ♦ 

categories  de  pilotes  (B12). 


SUMMARY 


Twelve  papers  were  selected  for  the  session  devoted  to  “Studies  of  the  work-load  of  the  pilot”. 

Six  of  these  relate  to  the  evaluation  of  the  work-load  on  the  helicopter,  thus  revealing  the  importance  and  the  new 
difficulties  of  helicopter  operational  missions.  They  comprise  a general  study  of  the  stresses  peculiar  to  helicopter 
piloting  (Bl ),  the  problems  raised  by  low  altitude  flight  (B2  and  B3),  by  long  duration  flights  (B4),  by  blind  flying  and 
landing  (BS  and  B6). 

Five  papers  are  devoted  to  problems  specific  to  aeroplanes;  long  duration  flight  in  a combat  aircraft  in  trans- 
oceanic deployment  (B7),  metabolic  and  endocrinal  cost  of  flight  in  a combat  aircraft  (B8),  new  aiming  system  for  air- 
to-ground  firing  (B9),  deck  landing  at  night  during  prolonged  operational  campaigns  on  aircraft  carriers  (BIO),  flight 
quality  and  work-load  on  a short-haul  transport  aircraft  (B 1 1 ). 

One  paper  studies  by  a selectively  directed  questionnaire  the  special  characteristics  of  the  work  of  different 
categories  of  pilots  (Bl  2). 
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RAPPORT  D EVALUATION  TECHNIQUE 


par 

R.Auffret 

Medecin-Chef  du  Centre  D’Essais  en  Vol 
et  du  Laboratoire  de  M6decine  Aerospatiale 
91220  Bretigny-sur-Orge 
France 

Le  rapport  d'evaluation  technique  comportera  trois  parties: 

- Presentation  des  communications  en  les  rcplayant  dans  le  contexte  des  “Etudes  de  charge  de  travail  du  pilote". 

- Analyse  et  resume  des  communications. 

- Conclusions  et  recommandations. 


Presentation  des  Communications 

Le  travail  du  pilote  peut  se  resumer  en  trois  types  d’action: 

( 1 ) — Acquisition  des  donnees  indispensables  au  pilotage  de  I'avion  et  a I'acccmplissement  de  la  mission.  La 
meilleure  appreciation  en  est  donnee  par  la  mesure  des  informations  du  systime  avion  qui  “entrent"  dans  le  pilote.  Ces 
entrees  sont  surtout  visuelles  d’ou  I’int^ret  de  la  mesure  des  mouvements  oculaires  a I’aide  d’oculometre  (B2)  ou  des 
mouvements  de  la  tete  a I’aide  d'un  film  (B3). 

(2)  - Analyse  de  la  situation  par  le  pilote  a partir  des  informations  acquises.  Les  modifications  subies  au  niveau 
pilote  entre  les  “entrees”  et  les  “sorties”  (g^neralement  action  sur  une  commande)  peuvent  donner  une  estimation  de 
cette  action,  par  exemple,  fonction  de  transfert.  De  meme,  I’^tude  des  variables  physiologiques,  frequence  cardiaque 
(B5)  des  modifications  metaboliques  et  endocriniennes  (B7)  (B8)  peuvent  rendre  compte  de  cette  etape  du  travail.  Une 
tache  secondaire  permet  aussi  d’apprecier  la  disponibilit^  du  pilote  (B2)  (B9). 

Les  Etudes  subjectives  par  questionnaires  diriges:  mesures  de  la  fatigue,  de  I'humeur,  du  sommeil  (B4)  (B7)  (BIO) 
(Bl  I),  des  difficultes  de  la  tache  (BS)  ou  du  travail  avec  des  modes  de  presentation  d'informations  differentes  (B6)  (B9) 
ou  d’analyse  des  qualites  de  vol  (BS)  (Bl  I)  sont  done  frequemment  utilisees. 

(3)  ~ L 'action  du  pilote  sur  une  commande,  suivant  une  strategie,  fonction  de  I'experience  et  de  I'entrainement, 
pour  atteindre  I'objectif  fixe,  consistera  le  plus  souvent,  en  une  mesure  de  performances,  identification  des  points 
survoles  (B2),  precision  du  vol  stationnaire  (B4),  ecart  par  rapport  a une  trajectoire  id^ale  ILS  (BS),  precision  des 
parametres  imposes  du  pilotage  (B6),  temps  d'acquisition  et  precision  de  la  poursuite  de  la  cible  sur  divers  modes  de 
presentation  (B9). 

En  fonction  de  sa  dur^e,  le  travail  du  pilote  comporte: 

- une  charge  de  travail  a court  terme,  comprenant  une  phase  de  vol,  par  exemple  atterrissage,  decollage,  approche 
(B3),  (B4)  et  (BS),  tir  d’engins  (B9) . . . 

- une  charge  de  travail  a moyen  ou  long  terme,  provoquee  par  la  repetition  des  phases  de  vol,  avec  un  seul  vol  ou 
repetition  des  vols  sur  une  joumee  ou  periode  de  travail  plus  longue,  mettant  en  jeu  rythme  veille-sommeil,  decallages 
horaires  . . . ( B4),  ( B7 ) et  ( B 1 0). 

Les  diverses  communications  etant  placees  dans  leur  contexte,  nous  pouvons  maintenant  en  faire  I'analyse  et  le 
resume. 


Analyse  et  Resume  des  Communications 

B-l,  Rotondo  analyse  les  parametres  physiques  et  physiologiques  de  la  charge  de  travail  des  pilotes  d'heiicoptere. 

11  attire  fattention  sur  les  aspects  lies  i I’environnement  particulier  de  I’heiicoptere  (vibrations,  bruits)  et  sur  les  facteurs 
psychoemotionnels  de  certains  vols  d’heiicoptere  qui  determinent  une  fatigue  aussi  importante  que  sur  les  avions  de 
combat. 

B-2,  Sanders  et  col.  decrivent  le  travail  visuel  du  copilote  navigateur  tors  des  vols  basse  altitude  en  heiicoptere.  Les 
mouvements  oculaires  enregistres  par  un  collimateur  NAC  permet  lent  de  connaitre  le  temps  passe  i regarder  e 
I’interieur  (instruments  du  cockpit),  k regarder  k I’exterieur  de  I’habitacle  (repdres  exterieurs)  et  k lire  la  carte.  Une 
tiche  secondaire  visuelle  apprecie  le  temps  libre  disponible  au  cours  de  la  mission  | 

B-3,  Lovesey  enregistre  en  vol  I'aclivite  des  mains  et  de  la  tete  du  pilote  lors  de  vols  e basse  altitude  en  heiicoptere.  | 

Sa  technique  de  prises  de  vue,  n’interfere  pas  avec  le  travail  du  pilote.  Elle  montre  que  I’activite  du  pilote  est  d’autant  i 

plus  importante  que  le  vol  a lieu  plus  pres  du  sol.  | 
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Duns  cette  situation  particulidrcment  diilicate,  ^vitement  des  obstacles,  des  lignes  a haute  tension,  des  arbres,  des 
positions  ennemies  ...  1/3  du  temps  est  passe  a regarder  dans  la  cabine,  carte,  instrument,  radio  ...!!!  Ce  travail 
dcjH  marginal,  au  plan  dc  la  sik'urite,  a cause  de  la  mauvaise  conception  ergonomique  de  la  cabine  est  aggrave  par  le 
port  d'equipements  de  vol  spcciaux  (combinaison  de  protection,  guerre  chimique,  par  exemple). 

B-4,  Lees  et  col.  apprecient  la  precision  de  la  performance  des  pilotes  d’helicopt^res  lors  des  vols  de  longue  duree 
avec  et  sans  deprivation  de  sommeil  par  une  mesure  de  performance  (priJcision  du  vol  stationnaire)  et  par  des  mesures 
subjectives  de  fatigue  a I’aide  de  questionnaires. 

B-5,  Vettes  au  cours  d'approclies  I.L.S.  de  difficulte  croissante  sur  hilicoptirc  n’a  pas  r^ussi  a obtenir  de  correlations 
entre  les  variations  de  la  frequence  cardiaque  et  les  impressions  subjectives  des  pilotes  quantifiees  par  une  ^chelle  du 
type  Cooper-Harper. 

B-6.  Beyer  a rappeic  I’influence  de  la  presentation  des  informations  sur  la  charge  de  travail  dans  deux  conditions 
experimentales  tri's  differentes  sur  helicoptere: 

Comparaison  de  2 "Head  up  display"  sur  15  pilotes  pendant  un  petit  nombre  de  vols  a I’aide  de  questionnaires. 

Comparaison  entre  “Head  down  display”  sur  ecran  T.V.  et  pilotage  a vue  par  des  mesures  de  performance  et  avis 
subjectifs  de  2 utilisateurs  pendant  un  grand  nombre  de  vols. 

B-7.  Hartman  et  col.,  au  cours  de  deploiements  transoceaniques  sur  avions  de  combat,  determinent  la  fatigue  et 
le  stress  des  equipages  a I'aide  d’une  batterie  de  mesures  comportant:  echelle  subjective  de  fatigue,  echelle  subjective 
d'aptitude  a remplir  la  mission,  temps  de  sommeil,  analyse  biochimique  des  urines.  Meme,  a Tissue  de  la  fatigue  importante 
faisa,it  suite  a ces  vols,  la  recuperation  est  pratiquement  totale  apres  une  nuit  de  sommeil. 

B-8  B-9,  Wegmann  et  col.,  ainsi  que  Manville,  absents,  excuses,  n’ont  pu  presenter  leurs  communications 

respectivement  intitulees: 

“Coiit  endocrinien  et  metabolique  dc  pilotage  sur  F. I04.(;”. 

“Un  nouveau  systeme  de  visee  tir  air-sol  apportant  une  meilleure  precision  et  une  charge  de  travail  moindre”. 

B-10.  Brictson,  cherche  a mieux  connaitre  la  performance  et  Tefficacite  des  pilotes  lors  des  appontages  de  nuit  sur 
porte-avions  au  cours  de  campagnes  operationnelles  prolongees  en  les  reliant  a Tappreciation  de  Tetat  psychotemporel  des 
pilotes  (sommeil.  humeur,  heures  de  vol,  experience  acquisej.  La  methodologie  employee  permettrait  de  fournir  une 
bonne  prediction  de  la  performance  lors  des  missions  operationnelles. 

B-l  I , Steininger  apprecie  les  qualites  de  vol  d'un  avion  de  transport  court  courrier  et  la  charge  de  travail  des 
pilotes  a Taide  d’un  questionnaire  (82  questions)  et  d'interview. 

B-l  2,  Cioerres.  evalue  subject ivement  les  divers  elements  de  la  charge  de  travail  des  differentes  categories  de 
pilotes  par  un  important  questionnaire  de  1 70  questions  posees  a 2 1 7 pilotes  de  la  G.A.F. 


Conclusions  et  Recommandatioas 

.Au  cours  de  ce  symposium,  les  difficultes  de  mesures  quantitatives  de  la  charge  de  travail  et  Timpossibilite  de  la 
performance  lors  de  charges  de  travail  importantes  et  de  longue  duree  sont  apparues.  Au  plan  operationnel,  il  faut 
cependant  noter  que  la  recuperation  d’une  seule  nuit  apporte  restitution  presque  complete  des  possibilit^s  humaines  (B7). 
Uevant  Tahsence  de  solution  globale  du  probleme  il  convient  de  mettre  en  oeuvre  une  batterie  de  tests  ou  du  moins 
d'associer  a toute  etude  subjective,  une  methode  objective  (mesure  de  la  performance)  afin  d’essayer  de  trouver  des 
correlations. 

Un  certain  nombre  de  principes  et  recommandations  se  degagent  de  Tensemble  des  communications: 

limiter  Temploi  des  methodes  qui  risquent  d’interf^rer  avec  le  travail  des  pilotes  et  de  modifier  sa  performance 
par  la  gene  qu'elles  apportent:  limites  de  Tutilisation  des  oculom^tres  actuellement  sur  le  march^  (utilisation  douloureuse 
aprds  10  minutes). 

C'hoix  des  methodes  deji  bien  italonn^es  et  couramment  utilis^es  par  les  laboratoires  qui  les  mettent  en  oeuvre; 
ceci  est  particuliirement  vrai  pour  les  methodes  psychom^triques,  physiologiques,  biochimiques  qui  ne  donnent  de  bons 
risultats  qu’entre  les  mains  d'exp^rimentateurs  specialises. 

- Necessity  pour  Texperimentateur  responsable  des  etudes  de  se  rendre  “sur  le  terrain”  pour  connaitre  les  conditions 
operationnelles  reelles. 

Limites  des  correlations  entre  les  diverses  methodes  proposees. 


II  convient  cependant  de  noter  l'int6rel  primordial  de  certaines  mithodes  au  cours  de  situations  opdrationnelles 
particuliires: 

- tors  lies  vots  Basse  altitude  sur  hilicopthe:  Prises  de  vue  du  travail  du  pilote  effectuies  par  un  exp^rimentateur 
plac(  a eot^  du  pilote  lors  des  vols  a basse  altitude  sur  h^licopt^re; 

- lors  des  vols  de  longue  duree:  mithodes  biochimiques,  itude  du  sommeil  et  de  I’humeur  par  questionnaire; 

- Pour  les  comparaisons  d’instruments  et  de  presentation  d'informations:  mesure  de  performances  et  questionnaires 
diriges. 
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The  technical  evaluation  report  will  be  in  three  |iaits: 

Presentation  of  the  contributions  by  placing  them  in  the  context  of  the  “Studies  of  the  work -load  of  the  pilot". 
Analysis  and  summary  of  the  contributions. 

Conclusions  and  recommendations. 


Presonlalion  of  the  Contributions 

The  work  of  the  pilot  can  be  summarised  in  three  typical  actions: 

1 1 ) Aciiuisition  of  data  necessary  for  Hying  the  aircraft  and  accomplishing  the  mission.  The  best  assessment  of 
this  IS  the  measurement  of  the  information  from  the  uircru/r  system  which  “enters”  into  the  pilot.  These  inputs  are 
predominantly  visual,  hence  the  value  of  the  measurement  of  ocular  movements  with  the  oculometer  tB2)  or  of  the 
movements  of  the  head  by  means  of  a film  (B3). 

(2)  Analysis  of  the  situation  by  the  pilot  from  information  acquired.  The  modifications  undergone  at  pilot 
level  between  the  “inputs”  and  the  “outputs”  (generally  action  on  a control)  can  give  an  estimate  of  this  action,  Tor 
example,  transfer  function.  Similarly,  the  study  of  physiological  variables,  cardiac  rate  (B5),  of  endocrinal  and  metabolic 
changes  (B')  (B8)  can  provide  an  account  of  this  stage  of  the  work.  A secondary  task  also  enables  the  availability  of  the 
pilot  to  be  assessed  (B2)  (B9). 

The  subjective  studies  by  orientated  questionnaire:  measurements  of  fatigue,  humour,  sleep  (B4)  (B7)  (BIO)  (B1 1 ), 
the  difficulties  of  the  task  (B5)  or  of  the  work  with  different  modes  of  information  display  (B6)  (B9)  or  analysis  of 
(light  quality  are  therefore  frequently  used. 

(3)  The  action  of  a pilot  on  a control,  according  to  a strategy,  function  of  experience  and  training,  to  attain 
the  fixed  aim,  will  usually  consist  in  a measurement  of  performance,  identification  of  the  points  overflown  (B2), 
accuracy  of  hovering  flight  (B4),  deviation  from  an  ideal  ILS  flight  path  (B5),  accuracy  of  the  parameters  set  by  the 
(lying  (B6),  acquisition  time  and  accuracy  of  tracking  of  the  target  on  different  modes  of  display  (B9). 

In  terms  of  its  duration  the  work  of  the  pilot  comprises: 

- a short  term  work-load,  comprising  a (light  phase,  for  example,  landing,  take-off,  approach  (B3)  (B4)  and  (B5). 
missile  firing  (B9) . . . 

a moderate  or  long  term  work-load,  caused  by  repetition  of  the  llight  phases,  with  a single  (light  or  repeat  of 
(lights  over  a day  or  longer  working  period,  setting  into  action  a watchful-drowsiness  rhythm,  time-shifts  . . . (B4), 

(B7)  and  (BIO). 

The  various  papers  being  placed  in  their  context  we  can  now  summarise  and  analyse  them. 

Analysis  and  Summary  of  the  Communications 

B-1,  Rotondo  analyses  the  physical  and  physiological  work-load  of  helicopter  pilots.  He  draws  attention  to  the 
aspects  connected  with  the  particular  environment  of  helicopters  (vibration,  noise)  and  to  the  psycho-emotional  factors 
of  some  helicopter  flights  which  result  in  fatigue  as  great  as  in  combat  aircraft. 

B-2,  Sanders  et  al.  describe  the  visual  work  of  the  navigator  copilot  in  helicopter  low  altitude  llight.  The  ocular 
movements  recorded  by  an  NAC  collimator  enabling  knowledge  to  be  obtained  of  the  time  spent  in  looking  inside 
(cockpit  instruments)  and  outside  the  cockpit  (external  reference  points)  and  in  reading  the  map.  A secondary  visual 
task  assesses  the  free  time  available  during  the  mission. 

B-3,  Lovesey  records  in  flight  the  activity  of  the  hands  and  head  of  the  pilot  in  helicopter  low  altitude  flight.  His 
technique  of  photographing  does  not  interfere  with  the  work  of  the  pilot.  It  shows  that  the  activity  of  the  pilot  is  the 
greater  as  the  flight  is  nearer  the  ground. 
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in  this  particularly  tricky  situation,  avoiding  obstacles,  high  voltage  lines,  trees,  enemy  positions  ...  1/3  of  the  time 
IS  spent  liHiking  in  the  cabin,  map.  instruments,  radio  . . .!  This  work,  already  marginal  in  respect  of  safety,  because  of 
the  poor  ergonomic  design  of  the  cabin,  is  aggravated  by  the  carriage  of  special  flight  equipment  (combination  of 
protection,  chemical  warfare,  for  example) 

B-4,  Lee  et  al  as,sess  the  accuracy  of  the  performance  of  helicopter  pilots  in  long  duration  flights,  with  and 
without  deprivation  of  sleep,  by  a performance  measurement  (accuracy  of  hovering  flight)  and  by  subjective  fatigue 
measurements  by  questionnaires. 

B-5,  Vettes.  during  ILS  approaches  of  increasing  difficulty  in  a helicopter,  did  not  succeed  in  obtaining  correlations 
between  the  variations  of  cardiac  rate  and  the  subjective  impressions  of  pilots  quantified  by  a scale  of  the  Cooper-Marman 
type. 


B-{i,  Beyer  recalled  the  influence  of  the  information  display  on  work -load  in  two  very  different  experimental 
conditions  in  helicopters; 

- Comparison  of  two  “Head  up  displays”  on  1 5 pilots  during  a small  number  of  flights,  by  using  questionnaires. 

Comparison  between  “Head  down  display”  on  TV  screen  and  visual  flying,  by  measurements  of  performance  and 
subjective  opinions  of  two  users  during  a large  number  of  flights. 

B-7,  Hartman  et  al.  during  trans-oceanic  deployment  in  combat  aircraft  determine  the  fatigue  and  stress  of  crews  by 
means  of  a battery  of  measurements,  including:  subjective  fatigue  scale,  subjective  scale  of  aptitude  in  fufllling  the 
mission,  sleep  time,  biochemical  analysis  of  urine,  hven  after  considerable  fatigue  following  these  flights  recovery  is 
practically  complete  alter  a night  of  sleep. 

B-8,  B-9,  Wegmann  et  al.  and  also  Manville,  with  apologies  for  absence,  were  unable  to  present  their  papers, 
entitled: 

- Bndocrinal  and  metabolic  cost  of  flying  on  P.  1 04  Gs. 

- A new  system  of  air  to  ground  firing  aiming  giving  better  accuracy  and  a lower  work-load. 

B-IO,  Bricton  seeks  better  knowledge  of  the  performance  and  efficiency  of  pilots  in  night  deck-landings  on  aircraft 
carriers  during  prolonged  operational  campaigns  by  relating  them  to  the  assessment  of  the  psychotemporal  state  of 
pilots  (sleep,  humour,  flight  hours,  acquired  experience).  The  methodology  employed  should  enable  a good  prediction 
to  be  obtained  of  performance  in  operational  missions. 

B-I  I,  Steininger  assesses  the  flight  qualities  of  a short  haul  transport  aircraft  and  the  work-load  of  the  pilots  by  a 
large  questionnaire  of  170  questions  put  to  217  pilots  of  the  GAP. 


Conclusions  and  Recommendations 

During  this  symposium,  t.he  difficulties  of  quantitative  measurement  of  the  work-load  and  the  impossibility  of 
predicting  the  decrement  of  performance  with  considerable  work-loads  and  those  of  long  duration  have  been  revealed. 

At  the  operational  level  it  must,  however,  be  noted  that  recuperation  in  a single  night  brings  almost  full  recovery  of  the 
human  capabilities  (B7).  In  the  absence  of  an  overall  solution  to  the  problem  it  is  necessary  to  employ  a battery  of  tests, 
or  at  least  to  associate  with  every  subjective  study  an  objective  method  (performance  measurement)  in  an  attempt  to  find 
correlations. 

A number  of  principles  and  recommendations  emerge  from  these  communications: 

- to  limit  the  use  of  methods  which  risk  interfering  with  the  work  of  the  pilot  and  change  his  performance  by  the 
trouble  they  cause:  limits  of  the  use  of  the  oculometers  at  present  on  the  market  (use  painful  after  10  minutes). 

- choice  of  methods  already  well  calibrated  and  currently  used  by  the  laboratories  which  implement  them;  this  is 
particularly  true  for  the  psychometric,  physiological  and  biochemical  methods  which  give  good  results  only  in  the  hands 
of  specialised  investigators. 

- Necessity  for  the  investigator  to  be  personally  on  the  spot  to  know  the  actual  operational  conditions. 

- Limits  of  correlations  between  the  various  methods  proposed. 

It  is  necessary,  however,  to  note  the  prime  importance  of  some  methods  in  special  operational  situations: 

- In  helicopter  low  altitude  flights:  Photographs  of  the  work  of  the  pilot  taken  by  an  investigator  at  the  side  of  the 
pilot  during  helicopter  low  altitude  flights; 

- In  flights  of  long  duration:  Biochemical  methods,  studies  of  sleep  and  of  humour  by  a questionnaire; 

- For  comparisons  of  instruments  and  information  displays:  measurements  of  performance  and  selectively 
orientated  questionnaires. 
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amnuHY. 

After  a rapid  review  - in  the  light  of  aodem  aetiopathogenetio  viewa  - of  the 
poaaible  oauaea  of  the  operational  fatigue  to  whioh  air  orewa  generally  beooae  eubjeot 
during  the  perforaanoa  of  their  flying  dutiaa,  the  author  deoorlbaa  and  analysee  in 
greater  detail  the  nature  and  the  entity  of  the  varioua  atreaaing  faotora  that  oonetitute 
the  phyaioal  and  payohio  workload  of  the  aodem  helioopter  pilot  in  the  oarrying  out  of 
hia  profeaaional  aotivity. 

Aa  ragarda  thia  partioular  aeotor  of  flying,  the  author  then  prooeeda  to  aake  an 
analytioal  examination  of  the  influanoe  that  the  various  trauaatio  and  fatiguing  effeots 
of  the  vibrations,  the  noises  and  the  payoho-eaotive  and  payoho-sensorial  factors  oon> 
neoted  with  the  aultiplioity  and  the  dan^rs  of  thia  modem  aiaans  of  air  transport  - nowa 
days  in  constant  teohnioal  evolution  and  e^^loyed  in  ever  wider  fielde  - exert,  both  sin~ 
gly  and  jointly,  on  the  genasia  of  flying  fatigue  in  helicopter  pilots.  ~ 

On  the  basis  of  this  analytioal  survey  it  is  possible  to  oonolude  that  the  piloting 
of  helicopters  involves  a psyoho-physioal  workload  that  is  certainly  not  inferior  to  the 
one  experienoed  by  the  pilots  of  faster  and  more  powerful  airoraft. 


FHELIMINAHY  BBMAHgS.  DEFINITION  AMD  ABTIOFATHQCBNBSIS  OF  FHOT  FATIGUB. 

It  la  a well  known  fact  that  flying  aotivitiea,  here  underatood  as  a "vital"  acti= 
vlty  rather  than  a teohnioal  and  operational  one,  eubjeot  the  organism  of  the  pilot  to 
both  phyaioal  and  psyohio  streaa  as  a result  of  the  perforaanoa  of  a type  of  work  that 
haa  the  apeolal  oharaotaristio  of  having  to  bo  oarrlod  out  in  partioular  ooenosthetio  and 
environmental  conditions,  of  Involving  a high  degree  of  psyohologloal  tonrion  and  a oona^ 
derable  and  prolonged  oonoentration  of  the  pilot's  attention,  and  of  being  aooompanied  by 
a partioular  emotional  atate. 

Juat  aa  in  the  oaao  of  any  other  type  of  working  activity,  all  this  nay  give  rise  to 
a atate  of  fatigue  that,  in  the  speoial  terminology  used  In  aerospaoe  medloine,  is  oonmon 
ly  known  as  "pilot  fatigue",  "flying  fatigue",  or  "operational  fatigue".  ~ 

Since  the  term  "fatigue"  is  generally  understood  (FRYER,  1971,6)  to  refer  to  a atate 
of  decrease  and  deterioration  of  nervoua,  musoular  or  sensorial  aotivity  due  to  a prolong- 
ed and  recent  atloulatlon  and  aotivity,  the  whole  asaoolated  with  a diminished  oapaoity 
for  physical  or  mental  work  and  an  unpleasant  feeling  of  tiredneas  as  a result  of  physio 
logical  exhaustion,  boredom,  loss  of  motivation  or  emotional  factors,  the  partioular  case 
of  "pilot  fatigue"  may  be  defined  aa  the  state  in  irtileh,  as  a result  of  either  a prolonged 
or  an  intense  flying  aotivity,  there  oooura  a deterioration  of  the  pilot 'a  perforaanoa  i 
a deterioration  that  involves  an  inorease  of  the  energy  ooat  or  the  effort  needed  to  at- 
tain a given  level  of  effiolenoy,  and  aooo^anied  by  a typloal  and  subjective  feeling  of 
tiredness,  loss  of  energy,  mental  inertia,  tension,  irritability,  with  a oonsequent  desire 
to  Intenrupt  the  flying  aotivity.  The  praoisa  aohama  of  these  effeots,  in  turn,  depends 
on  the  pilot's  motivation  and  also  on  whether  hia  work  is  predominantly  of  a phyaioal  or 
a mental  nature. 

In  the  apeolflo  case  of  flying  fatigue,  in  fact,  it  is  posalbla  to  Identify  a number 
of  different  ooaqponenta  t 

a)  a phyaioal  oo^onent,  the  result  of  motorlal,  perceptive  or  neuromiseular  work  ; 

b)  a payohio  component,  the  result  of  mental  work  and  prolonged  psyohio  tension,  and  lastly 
o)  an  emotive  component,  the  result  of  exposure  to  the  repeated  and  intense  emotions  that 

are  inevitably  oooneoted  with  the  perforaanoa  of  an  aotivity  that  oomtinuously  plaoes 
the  phyaioal  ego  in  peril  and  with  the  abnormal  ooenesthetlo  stimulations  of  the  eztezm 
al  and  the  internal  environment,  stimulations  that  are  often  ezoesslve  in  intensity, 
kind  and  duration. 

M therefore  have  a multitude  of  different  faotors  that,  either  singly  or  in  assoola 
tlon,  nay  oonstitute  the  oauaea  of  fatigue  during  the  oarrying  out  of  flying  and,  as  a ~ 
result  of  ^ repetition  and  snamatlon  of  their  effects  in  tins,  oontribute  to  bringing 
about  a oonsldorable  workload  and  a certain  physiopayohlo  exhaustion  of  the  pilot. 

Leaving  aside  a number  of  faotors  iEat,  altboigh  tuey  undoubtedly  aggravate  fatigue, 
are  ooamon  to  other  types  of  aotivity  and  not  therefore  exoluslvely  asooolated  with  flying; 
inoludlng  inadequate  nourlahmant,  inaufflolent  rest  or  laok  of  sleep,  worries  associated 
with  family,  career  or  money,  abuse  of  alcohol,  tobsooo  or  other  stimulants,  eto. , the 
following  atlBilatlona  may  be  reoalled  as  being  exoluslvely  due  to  the  flyli^  activity 


•nd  of  • partloularly  fatigulus  naturo  t tba  offoota  of  Tariatlona  of  altitude  and  ba 
roaatrlo  proasuro  during  hlgh-loral  flighta  ( tba  affaota  of  aooalaratlona  during  hlgh- 
apaad  or  aorobatlo  fljlng  i tba  affaota  of  aoouatlo  and  non'-aoouatlo  Tlbratlona,  of 
llgbt  radlatlona,  of  obangaa  of  ta«poratura  and  rarlatlona  of  tba  aaatbar  oondltlona, 
of  air  aloknaaa,  ato. ; but  aora  than  anything  alaa,  aa  baa  already  bean  auggaatad,  tba 
oontlnuoua  payoblo  tanalon  InTolrad  In  tba  aanagaaant  of  the  aircraft  and  tba  parforaanoa 
of  tba  aaronautloal  narlgatlon  even  In  noraal  oondltlona,  aaaoolatad  wltb  tba  frequent 
and  intanaa  aaotlonal  atataa  that  occur  during  any  flight,  and  all  tba  more  ao  during 
apaclally  daaandlng  and  difficult  fli^ta,  act  aa  payoblo  alorotrauaaa  and  can  tberafora 
altar  tba  affactlTa  aqulllbrlua  of  tba  pilot  and  proroka  a payoblo  axbauatlon  In  tba 
true  aanaa  of  tba  word,  wltb  poaalbla  aoaatopayohlo  aanlfaatatlona  and  eonaaquant  rapar 
ouaaloba  of  a nanroTogatatlTa  and  aoaatlaaa  aran  a nauroandocz*lna  nature. 

Aa  ragarda,  wore  particularly,  tba  actual  location  of  tba  fatigue  phanoaanon,  one 
baa  to  baar  in  alnd  (BOTORDO,  1969,31)  that  a preponderant  part  of  the  work  InYOlvad  In 
piloting  an  aircraft,  Juat  aa  In  any  other  alallar  aotlTlty  (drlrlng  a racing  oar,  for 
axaapla),  aakaa  daaanda  on  tba  central  narroua  aywtan  of  tba  pilot. 

In  actual  practice.  Indeed,  tba  piloting  of  an  aircraft  (or  of  any  other  blgb-apaad 
▼ablola)  la  tba  raault  of  a aarlaa  of  oondltlonad  raflazaa  and  acta  that  bara  bacoaa  aub- 
atantlally  autoaatad  ; the  angraaaiaa  of  thaaa  acta  and  raflazaa  ware  fomed  during  ap> 
prantloaablp  and  training,  and  they  nuat  be  ragardad  aa  located  In  the  hlghaat  aagnanta 
of  tba  central  narvoua  ayataa,  aapaolally  In  tba  oarabral  oortaz. 

On  the  other  band,  the  azplatlon  of  thaae  oondltlonad  raflazaa  alao  calla  for  a 
oonaldarabla  dagraa  of  coordination  and  raadlnaaa  of  tba  lower  parta  of  tba  narroua  aya- 
taa,  l.a.  at  tba  laval  of  'ttia  afferent  narraa  goranilng  notorial  activity,  and  raqulraa 
tba  entire  akalatrlo  nuaculatura  to  ba  In  good  working  order. 

In  tba  caaa  of  the  piloting  of  an  aircraft,  bowavar,  it  la  not  poaalbla  to  apeak 
of  imaoular  fatigue  In  the  true  aanaa  of  tba  word,  alnoa  tbla  phanonanoD  (azoapt  In  par 
tlcular  and  In  any  oaaa  azoaptlonal  altuatlona)  la  not  nomally  vary  pronounoad  in  a 
pilot  or,  at  laaat,  doaa  not  Involve  large  naaaaa  of  nuaolaa  | In  auch  oaaaa  It  would 
tberafora  ba  more  proper  to  apeak  of  a nauro-nuacular  fatigue,  that  nay  at  laaat  In  part 
ba  oauaad  by  the  obligatory  tone  that  tba  entire  akalatrlo  nuaoulature  la  forced  to  ao> 
aune  during  tba  prolonged  and  nora  or  laaa  ooiqpleta  lanoblllty  aaaoolatad  with  tba  p^ 
lot 'a  poaltlon  In  the  cockpit  aaat  and  tba  oonaaquant  atata  of  tanalon  that  obaraotarlzaa 
a goodly  part  of  tba  notorial  narvaa  for  tba  antlra  langht  betwaan  tbalr  aplnal  orlglna 
and  tbalr  peripheral  tamlnatlona  at  the  laval  of  the  nauromuaoular  aynapaaa. 

But  a good  part  of  the  operational  fatigue  of  aircraft  pllota  may  ba  duo  not  only 
to  nauro-nuacular  fatigue  but  alao  and  even  more  ao  to  a nei^voua  fatigue  in  the  true  aen 
aa  of  the  word,  a fatigue  that  would  aeam  to  oonslat  of  a functional  dapraaaion  of  the  ~ 
cortical  activity,  thin  latter.  In  turn,  brouj^t  about  by  the  functional  ezhauatlon  of 
the  naurona  of  the  oarabral  oortaz  { thaaa  neurone,  indeed,  have  to  aooomodata  the  paa 
aaga  of  tba  nunaroua  pulaaa  required  to  keep  the  oarabral  activity  oonatantly  alert  and 
vigil  and  to  adapt  It  to  the  multiple  and  oomplaz  functional  demands  connaotad  with  the 
managamant  and  control  of  the  aircraft.  Alternately,  this  fatigue  could  be  Interpreted 
as  the  oonsaquanoa  of  a state  of  aupartenslon  of  the  neurons  themaalvas,  irtiioh  are  over- 
loaded by  the  numerous  stimuli  of  a psychic  and  emotional  nature  that  are  cbaracteristlo 
of  as  demanding  an  activity  as  the  piloting  of  an  aircraft. 

In  tbla  latter  case.  In  other  words,  we  may  be  oonoexttad  not  so  much  wltb  a fatigue 
of  tba  aenaorlal  and  motorlal  functions  In  the  pbyalologloal  sense,  but  rather  wltb  a 
payoblo  fatigue  that  oomes  into  play  as  one  of  the  principal  components  of  tba  aooalled 
nervous  fatigue,  whose  other  Important  components  are  represented  - as  has  already  bean 
pointed  out  - by  mental  fatigue  (since  tba  piloting  of  an  aircraft  calls  for  tba  Inter- 
vention of  upper  payoblo  processes  and  for  a constant  and  prolonged  oommltment  of  the 
pilot's  attention,  wblob  leads  to  a prolonged  psychic  tension)  and,  above  all,  emotive 
fatigue  (aa  a raault  of  the  many  emotional  miorotraumas  which.  In  the  long  run,  affect 
the  blologloal  nuolaua  of  affaotlvlty. 

Tbaaa  emotive  factors  could  well  be  among  the  principal  one's  responsible  for  pilot 
fatigue,  not  laaat  baoausa  this  vary  maobanlsm  of  aowtlon  produces  certain  peripheral 
pbyalologloal  affaota  that  are  undoubtedly  to  a eubatantlal  aztant  responsible  for  that 
state  of  subjaotlva  suffering  that  la  oharaotarlatlo  of  fatigue,  ef foots  that  are  duo  to 
tba  action  of  tbaaa  payoblo  and  emotive  pulses  that  aot  through  the  ohannola  that  run 
from  the  oortaz  to  the  vagatatlvo  centres  in  the  thalamua  and  tba  hypothalamus,  producing 
•ff*ota  that  nay  ba  attributed  to  azoltation  of  the  aympathatio  and/or  the  parasympathetic, 
depending  on  tba  particular  pradlaposltlon  of  the  Individual,  and  sometimaa  also  to  a par 
tlolpatlon  of  the  nauroandoorlna  syatam,  first  and  foremost  throu^  an  Intervention  of  the 
azls  between  tba  hypophysis  and  the  suprarenal  glanda. 


faotora  acsoolatcd  with  flylo^  tbla  typa  of  alrbozna  vahlola. 

B.  Bffaeta  of  Vltera-tioaa. 

Aa  ragarda  tha  Tibratlona  and  tha  nolaaa,  we  are  oonoarnad  with  an  aztreaaljr  oo^plaz 
prohlan  that  aaaunaa  partloular  inportanoa  In  tha  oaaa  of  hallooptara  t indeed,  tha  t1 
hratlon  phenoaana  waj  ha  aald  to  ha  oharaotarlatlo  of  hallooptara,  azan  though  oontlnuoua 
taohnloal  li^roTaMnta  are  tandlng  to  produoa  a ataady  reduction  of  their  oapaolty  to 
oauaa  ban  to  tha  Inaataa  of  the  haliooptar. 

Aa  la  known,  tha  hallooptar  rlhratlona  are  oharaotarlaad  hy  a fraquanoy  that,  dapand 
Ing  on  tha  type,  aay  range  fron  280  to  320  Ha  and  an  a^lltuda  that  rarlaa  aa  a f<motlon 
of  tha  halanolng  of  the  rotor  hlada  or,  aa  thla  la  nomally  put  In  taohnloal  languaga,  the 
proper  traoklng  of  tha  two  halYoa  of  tha  rotor,  fhla  rlhratlon  la  a zartloal  ona  and  ha 
ooaaa  nora  aoeantuatad  whan,  aa  often  happana,  tha  two  halraa  of  tha  rotor  are  not  in  ** 
perfect  traok.  During  hallooptar  fllfllit.  In  faot,  both  the  pilot  and  tha  paaaangara  keep 
BOYlng  thalr  haada  forward  and  haokward,  alaoat  aa  If  they  ware  oontlnuoualy  nodding  In 
aaaant. 

Although  there  azlat  aany  other  rlhratlona  of  a oyollo  type  and  rarioua  fraquanolaa. 
Including  horliontal  rlhratlona  and  tha  rarlahlo  rlhratlona  that  dapand  on  tha  ralatlra 
wind  and  tha  ground  raaonanoa,  tbaaa  rartloal  rlhratlona  undoubtedly  raaaln  the  aoat  la 
portant  onaa  aa  ragarda  reparouaalona  on  tha  organlaa  of  tha  pilot.  ~ 

Aooordlng  to  ourrant  taralnology,  howarar,  one  oan  dlatlxtgulah  aararal  rarlatlaa 
of  rlhratlona  produced  hy  hallooptara  and  oharaotarlaad  hy  tha  following  daflnltlona  t 

a)  Tartleal,  oonatant,  ona  par  rotor  rarolutlon  t about  aiz  haata  par  aaoond  | la  fait 
Ilka  a rartloal  "rebound"  and  aanlfaata  Itaalf  In  parfaot  aynohronlaa  with  aaoh  raro 
Intlon  of  tha  rotor.  Tha  pilot  and  tha  paaaangara  lift  and  drop  in  unlaon.  ~ 

h)  liataral,  one  par  rarolutlon  i ainllar  to  tha  rartloal  rlhratlon,  hut  with  tha  dlffa 
ranoa  that  tha  pilot  and  tha  paaaangara  lift  and  drop  out  of  phaaa  | thla  ^wnoaanw 
la  nora  obrloua  whan  it  la  ohaarrad  fron  tha  reamoat  aaata. 
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o)  Hlxad,  on*  p*r  rcTolutlon  t thla  annlfcat*  ItMlf  Intaxalttantljf  ono*  p*r  raTolutlon, 
but  th*  IndlTldual  beat*  aay  b*  Irrecolarly  apao*d.  £*ats  ot  a oartaln  aaplltud*  aay 
baooM  auparpoaad  In  a randoa  aannar  on  a rartioal  and  ooatant  rlbration,  on*  par  rare 
lutlon.  Sonatlaaa  th*  phanonanon  la  noxa  obrloua  at  th*  oruialnK  power.  It  ganarallp 
oooura  on  the  oooaalon  of  rapid  nanoauvrea  and  In  turtelant  air  ; Indead,  It  nay  b* 
oonfuaad  with  th*  praaeno*  of  trirbulano*. 

d)  Iwo  par  raTolutlon  t about  twelr*  par  aaoond,  difficult  to  count  ; they  bar*  approx^ 
nataly  th*  aaa*  frequency  aa  a pnaunatlc  hanmar. 
a)  Six  par  rarolutlon  or  at  a high  frequency  t Inpcealble  to  count,  nieaa  rlbratlona  aa 
auae  th*  oharaotar  of  a "buaz". 

f)  OaolUatlona  of  th*  rotor  ahaft  i about  thre*  par  aaoond  or  one  arary  two  ravolutiona. 
Thla  type  of  notion  recall*  that  of  a rooking  chair  ; It  generally  oooura  during  an 
aaoent  or  vdian  flying  at  hl^  power.  It  nay  be  unwittingly  Induced  by  th*  pilot,  i.e. 
whan  he  oauaea  alight  to  and  fro  motlona  of  the  control  atlok.  In  auoh  oaaea  it  la 
beat  to  Inoraaae  tha  friction  of  the  control  atlok  In  order  to  nlnlnlce  the  effeota 
of  the  laq^aota  oauaed  by  the  pilot. 

Whan  atudylng  th*  effeota  of  the  vlbratlona  and  their  influence  on  tha  geneala  of 
flying  fatigue  In  helicopter  pilot*,  one  alao  haa  to  bear  In  nlnd  that,  both  In  hallooptare 
and  other  type*  of  aircraft,  the  peraona  tranaportad  are  not  only  aubjaotad  to  the  vlbra= 
tlona  oauaad  by  th*  notlva  force  that  la  tranamltted  to  the  paaaengere  together  with  the 
aaoondary  ribrationa  produced  by  the  aurrounding  atruoturee. 

During  fllghta  through  zonea  of  perturbed  atnoaphera,  for  ezaiqpl*,  troubleaone  t1> 
bratlona  of  TFrlabl*  frequency  and  anplltude  may  be  provoked  by  local  dlfferenoea  in  the 
denalty  and  the  tenperatur*  of  th*  air.  Bvery  tine  the  helicopter  oroaaea  auoh  u zone. 

It  auffera  an  Inpaot  that  modlflea  ita  apeed  and  nay  alao  oaua*  It  to  be  thrown  oonaider 
ably  off  oourae  In  any  direction.  Xheae  lJiq;)aota  dlatlngulah  themaelvea  from  the  onea 
oauaed  by  the  vlbratlona  connected  with  the  atzvoture  of  the  helicopter  by  virtue  of  the 
fact  that  they  are  of  ahort  duration.  Irregular,  and  Intenae.  Their  violence  inoreaaea 
In  denaer  air,  I.e.  oloae  to  the  grotind,  and  alao  In  bad  weather  oondltlone. 

Aa  la  known,  th*  ultlnata  effect  of  prolonged  and  repeated  ezpoaure  to  vlbratlona 
of  varloua  frequenclea  and  anqtlltudea  nay  take  the  fom  of  a wide  range  of  dlatxirbcmoea 
that  oonalat  eaaentlally  of  headache,  buzzing  eara,  general  dlaooafort,  a feeling  of 
dumbneaa  and  generalized  aathenla.  Irritability,  deterioration  of  the  capacity  to  pay 
attention  and  to  concentrate  and  of  the  will  power  In  general,  reduced  rapidity  of  the 
reflezea,  payohlo  dapraaalon,  tiring  of  the  ayea  and  eara  i thee*  dlaturbancea,  given 
their  Intenalty  and  their  peralstenoe  throughout  the  duration  of  the  fll^t,  may  well  be 
aald  to  contribute  In  a deolalv*  and  preponderant  manner  to  the  geneela  of  operational 
fatigue  In  helicopter  pilot*. 

Particularly  troubleaone  and  fatiguing  la  th*  affect  that  the  vlbratlona  acting  on 
the  whole  body  will  eventually  exert  on  th*  pilot* a capacity  of  vlaual  perception  and, 
more  particularly,  on  hie  acuity  of  vlalon  i th*  veil  that  drop*  In  front  of  hla  eyea 
a*  a reault  of  th*  contlnuoua  vibrational  motion  of  the  helicopter  will  make  It  praotlc 
ally  lupoealbl*  for  him  to  read  th*  panel  Inatruments  or  the  flying  obarta  at  frequenolee 
above  about  15-20  Hz.  It  la  well  known  that  prolonged  atraln  of  the  eyea  laada  Inevitably 
to  general  fatigue  within  a ahort  period  of  tine. 

Particular  practical  Intereat  any  alao  attach  to  th*  effeota  ezer'^d  on  the  acuity 
of  vlalon  by  alnuaoldal  vlbratlona  having  a frequency  of  the  order  of  10  Hz  and  an  anvil 
tud*  In  exoeaa  of  2.5  on,  thla  partloalarly  during  low-level  fll^dita,  possibly  In  perturbed 
ataospherlo  conditions.  In  fact,  SIMONS  and  SCUmiZ  demonstrated  In  1958  that  vibrations 
of  2.5  and  3.5  Hz  and  values  of  th*  acceleration  of  th*  order  of  0.17-0.30  g lead  to  a 
^Ofi  reduction  In  vlaual  acuity  after  90  minutes.  DRAZIN  (1959,  5),  llkewls*,  demonstrated 
experimentally  that  vibrations  of  2.7  cm  amplitude  cause  a 10^  drop  In  th*  acuity  of  vl 
slon  lAen  th*  frequency  la  1 Hz,  a drop  irtien  the  frequency  reaches  2 Hz,  while  a fre 
quency  of  3 He  leads  to  a 309t  reduction  t further,  with  an  aaq>lltud*  of  5.5  on,  the  acuity 
of  vision  Is  reduced  by  12)(  at  1 Hz  and  by  20)(  at  2 Hz  t lastly,  when  the  vibrations  have 
an  amplitude  of  11.25  cm,  th*  vlaual  acuity  diminishes  by  15^  at  frequenoles  of  1 Hz,  and 
by  251t  at  frequenoles  of  1.5  Hz. 

These  results  may  also  be  valid  for  those  oases  In  which  the  pilot  subjected  to  vl 
bratlona  fixes  hla  eyea  on  an  Immobile  object  at  Infinity  (a  distant  reference  point  on 
the  horizon  for  example)  | on  the  other  hand.  If  th*  object  la  fixed  but  close  to  th* 
pilot  (a  dial  on  th*  Instrument  panel  for  ezsiivle),  the  acuity  of  vision  will  become  re 
duoed  In  a far  more  accentuated  manner. 

The  notorial  activity  la  also  compromised  by  th*  action  of  th*  vibrations  i in  a 
helicopter,  Indead,  It  beoomss  particularly  difficult  to  perform  th*  small  movements 
needed  for  th*  control  operations,  especially  when  th*  oscillations  are  Intense,  of  va 
rlable  strength,  and  sake  themaelvea  felt  at  Irregular  Intervals. 

Very  Intense  vibrations  nay  also  provoke  chest  pains  of  an  anglnoldal  type,  visceral 
pains,  and  even  occasional  diarrhea  with  dlsoharges  of  blood.  Th*  slow  oaolllatlona  cause 
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a fealln^  of  deprosaion  rather  than  dlsturbanoea  in  the  true  sense  of  the  word.  At  basic 
frequencies  of  less  than  1 He  and  amplitudes  of  several  feet  one  can  observe  numerous 
cases  of  msteoropathy. 

In  addition  to  the  phenomena  of  general  fatigue  and  not  feeling  well,  moreover,  a 
chronic  exposure  to  vibration  may  - as  Is  well  Imown  - cause  arthritic  phenomena  In  the 
skeleton  and,  more  particularly,  the  spine,  associated  with  pains  and  reduction  of  the  mo 
tillty  of  the  various  body  segments. 

Bie  limits  of  tolerability  of  vibrations  are  less  well  defined  than  those  of  the  to 
lerablllty  of  centrifugal  accelerations,  and  this  mainly  because  the  threshold  values  vary 
greatly  from  one  subject  to  another,  and  because  there  Is  no  simple  relationship  between 
tolerance  and  frequency.  For  example,  at  frequencies  between  4 and  10  Hz  there  Is  an 
unusual  sensitivity  that  can  be  attributed  to  the  particular  physical  constitution  of  the 
human  body,  which  In  this  part  of  the  spectrum  Is  characterized  by  a series  of  resonances, 
and  to  the  fact  that  the  vibrations  of  low  frequency  and  great  amplitude,  which  cause  the 
thoracic  and  abdominal  viscera  to  enter  Into  resoncuice,  have  repercussions  on  the  various 
body  segments  of  the  pilot  and  the  members  of  the  crew  and  can  be  responsible  for  syndromes 
peculiar  to  flying  that,  even  though  they  are  as  yet  barely  known,  are  nowadays  observed 
with  Increasing  frequency. 

At  about  4.9  Hz,  for  example,  the  scapular  arch  and  the  upper  part  of  the  trunk 
oscillate  more  strongly  than  the  remaining  parts  of  the  trunk  (GOIGHARD  and  IRVING,  1959, 
12)  ; the  abdominal  organs,  on  the  other  hand,  seem  to  react  more  markedly  at  rather  low 
frequencies  (COKRUANN  et  al.,1960,4).  Minor  resonances  In  unidentified  structures  deform 
the  reaction  c\u*ve  of  the  organism  at  higher  frequencies  (HOWARD,  1967,13). 

C.  Mf facts  of  Holes. 

The  action  on  the  auditory  functions  of  the  flying  crew  of  the  noises  due  to  the 
helicopter  engines  la  aljiost  as  disturbing  and  fatiguing  as  the  effect  of  the  vibrations. 

Experimental  studies  have  bean  carried  out  by  various  authors,  particularly  H1BDI> 
MAUD  et  al.  (2),  who  In  1956  exposed  unprotected  probands  to  the  noises  of  a DJlnn  hell> 
copter  for  20,  30,  60  and  even  90  minutes,  subsequently  examining  the  modifications  of  the 
acoustic  threshold  by  avdlcmstrlo  msans.  Ihey  found  that  the  resulting  loss  of  hearing 
presented  the  oharacterlatlos  of  a pure  deafness  and  that  about  fifteen  hours  were  required 
before  the  disappearance  of  the  loss  of  hearing  caused  by  an  exposure  for  thirty  minutes. 

MBTCALF  and  WITWER  (1958,22)  also  hlghllghtsd  the  fact  that,  after  two  hours'  flying 
In  a helloopter  capable  of  generating  noises  having  a frequency  between  50  and  2200  Hz  and 
an  average  Intensity  of  the  order  of  119  dB,  the  auditory  threshold  of  their  unprotected 
probands  was  raised  by  an  average  of  22  dB  and  that  this  higher  threshold  persisted  for 
some  32  to  36  hours. 

Another  cause  of  discomfort  and  fatigue  for  the  hellooptei  pilot  deriving  either 
directly  or  Indirectly  from  the  engine  noises  Is  connected  with  the  use  of  the  radio  equl£ 
ment.  Some  disturbances  are  caused  by  the  pilot's  earphones  or  by  similar  devices  built 
Into  a protective  helmet  (excessive  background  noises,  earphones  not  readily  adjustable 
to  pilot's  head,  poor  proteotloo  against  noise,  earphones  that  hinder  the  dispersion  of 
heat),  others  by  the  microphone  (moisture  sometlmsa  condenses  on  the  microphone).  Even 
the  mare  fact  that  the  earphones  have  to  be  kept  on  the  head  for  a long  period  of  time  may 
give  rise  to  s feeling  of  annoyance  and  local  discomfort  at  the  areas  where  the  earphones 
make  contact  with  the  head  i In  this  latter  case,  however,  the  dlstxirbanoes  are  of  very 
short  duration  and  are  readily  remedied  by  removing  the  earphones  or  the  helmet  for  a few 
minutes.  /^\ 

Ro  matter  what  the  origin  of  the  noise  In  the  helloopter  ' , there  can  bo  no  doubt 
that  prolonged,  repeated  and  systematic  exposure  to  the  noises  of  these  rotor-powered 
flying  vehicles,  just  like  exposure  to  the  noises  of  plston-englned  or  Jet-englned  (2) 
aircraft,  will  lead  to  auditory  fatlgus  and  thus  exert  a considerable  Influence  on  the 
coming  Into  being  and  the  subssqusnt  aggravation  of  gensrsl  fatigue. 

As  regards  their  biological  effeots.  Indeed,  It  has  been  known  for  a long  time  that 
noises  sot  in  a partloular  manner  on  the  human  ear,  provoking  - according  to  ths  duration 
and  ths  intensity  of  ths  stimulation  - states  of  adaptation,  of  auditory  fatlgus,  of  deaf 
nsss,  as  well  as  other  general  effeots  on  the  various  apparatuses  and  the  central  and  perl 
phsral  nervous  systems. 

Considering  acoustic  damage  In  ths  true  sense  of  the  word,  idten  the  noises  attain  a 
osrtaln  Intensity  (of  the  order  of  80  dB)  and  act  for  a osrtain  length  of  time  (at  least 


^ It  is  well  known  that  ths  global  noise  of  a generic  piston-engined  aircraft  depends 
on  ths  following  oonstruetional  and  funotional  oharaoterlstios  i angina  power,  thrust, 
number  of  propeller  blades,  speed  of  ths  propeller  tips,  number  of  H.F.  per  propeller 
blade,  eto. 

(2)  xa  the  ease  of  jet  aircraft  particular  iaportanoe  seems  to  attaoh  to  the  sounds  and 
ultrasounds  produced  by  ths  aerodynamlo  turbulsnos  of  ths  jststreaa, and  by  ths  rotation  of 
ths  turbine  and  ths  oonpressor  blades  (i^n  the  engine  la  equipped  with  a ooaprossor). 
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12-16  hours),  thsy  st  first  produos  a stats  of  adaptation  that  oonsiats  of  a raisins  of 
ths  thrsahold  of  aooustlo  paroaptlon  (ITS  ■ Tsqporary  Xhrsahold  Shift)  | if  ths  nolss 
psrsists,  this  thrashold  shift  rsaalns  constant  (ATTS  ■ Aayiqptotio  TTS)  and  oontinuss  at 
this  IsTSl  svsn  aftar  ths  szposurs  to  ths  nolss  has  osaasd  ) if  ths  osssatlon  of  ths 
nolss  szposurs  psrsists  for  a faw  days,  howsTsr,  ths  thrsshold  valus  will  rstum  to  its 
noraal  larsl. 

Tollowins  rspstltlon  and  prolonsatlon  of  ths  szposurs  to  ths  nolss,  on  ths  othsr 
hand,  ths  initial  stats  of  adaptation  nay  giro  say  to  auditory  fatigus,  irtiloh  aay  bo 
dsflnsd  as  a dlalnution  of  ths  psresptlTS  ssnsltivlty  dus  to  a oontlnuouo  atiaulatlon  of 
ths  auditory  apparatus,  a dlalnution  that  psrsists  for  sobs  tins  aftsr  ths  osssatlon  of 
ths  nolss  that  has  brought  It  about,  but  Is  than  foUossd  by  a psrlod  of  rsoovsry,  rathsr 
rapid  at  first,  latsr  aarksdly  slossr,  possibly  STon  with  intsrruptions  or  short  rsvsrsalo. 
Thsro  is  a olsar  oorrslatlon  bstwssn  fatigus  and  Intsnslty  of  ths  stimulus,  and  this  boc 
eonss  particularly  obslous  abors  60  dB  ; an  squally  olsar  oorrslatlon  szista  bstwssn  fa 
tlgus  and  ths  duration  of  ths  atlaulus.  ~ 

Slvsn  szposurs  to  svsn  aors  Intsnss  noiass.  In  ozossa  of  90  dB  say,  a trus  aooustlo 
trauma  may  ooour,  a stats  oharaotsrlssd  by  ths  faot  that  a trus  auditory  aootoma  appears 
In  the  audlograaas.  At  frsqusnolea  In  szosse  of  800  Hz,  this  sootoma  has  Its  bsxIbub 
extant  half  an  ootave  bslow  ths  stimulating  frequency  ; In  the  case  of  ooaplez  noises 
the  maximum  oocurs  around  a frequency  of  4000  Hz,  i^le  In  ths  case  of  noises  of  llmltsd 
frequency  it  aay  soastlmes  be  found  In  a different  frequency  zone. 

If  the  exposure  to  nolss  bsoomss  habitual,  subjects  having  a special  predisposition 
may,  in  the  absence  of  adequate  protsotlon,  reach  an  ultimate  stage  consisting  of  oooupa 
tlonal  deafness  in  the  trus  sense  of  the  word  ; in  that  case  the  TTS  has  become  trans- 
formed Into  a FIS  (Permanent  Threshold  Shift)  and  ws  are  conoemed  with  an  irreversible 
fora  of  aooustlo  damage. 

Tbs  various  periods  of  the  coming  Into  being  of  this  permanent  damage,  l.s.  total 
latency,  sub-total  latency  and  manifest  deafness,  are  Influenced  in  their  rats  of  svol» 
utlon  by  a variety  of  oonourrsnt  and  oonoausal  factors  that  may  be  either  endogenous 
(Individual  susceptibility,  age,  previous  ear  affections)  or  exogenous  (intensity,  frs> 
quenoy  and  rhythm  of  the  noise,  and  working  conditions). 

Apart  from  the  looal  affects  on  ths  auditory  apparatus.  It  la  well  known  that  noises 
may  also  exert  general  actions  on  othsr  apparatuses  t on  the  central  nervous  systsm,  for 
example,  with  modifications  of  ths  ohronaxla  and  ths  reflexes  and  ths  reaction  tines,  va 
rlatlons  of  ths  circulation  and  tbs  sndoeranlo  pressure,  slsotroenosphalographlo  anoma* 
lies,  and  nsuroausoular  and  payohlo  disturbances  } on  ths  ciroulstory  apparatus,  with 
variations  of  ths  cardiac  frequency  and  rhythm,  of  ths  arterial  pressure,  and  eleotro- 
oardlograpblo  anomalies  ; on  the  respiratory  apparatus,  with  modifications  of  the  rhythm 
and  tbs  frequency  of  ths  breath,  and  sometlaso  with  apnea,  followed  by  polypnea  ; on  the 
digestive  apparatus,  with  variations  of  the  secretion  of  saliva,  ths  gastric  motions  and 
secretions,  the  motor  activity  of  the  Intestine,  etc.  (circulatory,  respiratory  and  digs 
stive  dlsturbanoss  that  aay  all  derive  from  byperreflezlvlty  of  the  orthosympsthetlo 
system). 

We  have  already  mentioned  the  considerable  Influence  that  prolonged  and  repeated 
exposure  to  aircraft  noises  In  general,  and  therefore  also  to  helicopter  noises  In  partio 
ular,  aay  exert,  through  the  establishment  of  a state  of  auditory  fatigue,  on  the  genesis 
and  evolution  of  flying  fatigue. 

According  to  OOEBllAini  et  al.  (1960,4),  the  phenomenon  of  fatigue  Induced  by  noise 
can,  in  faot,  be  explained  as  the  final  outcome  of  a victorious  struggle  of  the  noise 
against  the  other  pulses  that  reach  the  enoephalus  at  the  same  time.  The  greater  concen 
tratlon  needed  to  capture  these  desirable  pulses  Implies  an  excesslvs  expenditure  of 
energy  and  leads  rapidly  to  a nervous  fatigue. 

The  observable  manifestations  of  this  nervous  fatigue  are  the  previously  mentioned 
neurologloal  phenoaana  that  can  be  objeotivlzed  by  means  of  exposure  to  noises  similar  to 
those  produced  by  aircraft  | these  phenomena  Include  the  diminution  of  the  chronaxia  of 
motor  nerves  ( OBAIISFIBSRB  and  IilMAIBB,  1947,9),  tbs  lengthening  of  the  "average  time"  of 
slsple  reaction  and  the  Increase  of  the  "average  variation"  of  the  reaotlon  Itself,  l.e. 
the  number  of  errors  and  the  inoonstanoy  of  the  notorial  reaotlon  (STBOLLO  and  SSBAENOT, 
1957,35),  and  lastly  the  attenuation  of  the  patellar  reflex  (CAPORALE,  1959,3)  t this 
latter  phenomenon,  however,  is  not  observed  irtien  the  subjects  exposed  to  the  noise  have 
been  protected  by  means  of  ear  oovers  and  can  be  Interpreted  ns  an  exhaustion  phenonsnon 
that  la  secondary  to  an  earlier  phase  of  nervous  hyperexoltabillty. 

Proa  this  one  oan  deduce  that  the  noises  exert  their  fatiguing  action  on  the  nervous 
system,  which  In  the  long  run  also  bsoomss  an  exhausting  action,  primarily  through  the  m 
dlatlon  of  the  ear.  Indeed,  TIZZAHO  (1958,36)  affirms  In  this  oonneotlon  that  "the  ear 
la  not  a olosed  vessel  that  merely  gathers  and  dissolves  the  noises  It  reoeives.  Somewhat 
similarly  to  a transformer.  It  oonverta  the  sound  vibrations  Into  neuron  vibrations  that 
will  transmit  the  perceived  sensations  to  the  brain". 
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D.  Effeota  of  Payoho-Jiniotlve  and  PByoho-3«nflorlal  Pactore. 

Having  revlewad  the  particular  influence  that  vibrationa  and  noiaea  can  exert  on 
the  geneaia  of  operational  fatigue  in  helicopter  pilote  and  ahown  that  they  conatitute 
a aubatantial  part  of  the  physical  stress  to  which  the  pilot's  organism  becomes  subjected 
during  the  exercise  of  his  specific  professional  activity,  it  is  not  superflu :)us  at  this 
point  to  recall  that,  given  the  gradual  but  continuous  improvement  of  aircral t and  the 
growing  disproportion  between  the  service  demands  made  by  the  machines  and  the  limited 
possibilities  offered  by  the  human  organism,  we  are  nowadays  witnessing  an  ever  increa£ 
ing  incidence  of  psychic  workload  and  in  the  piloting  of  an  aircraft  this  may  easily  come 
to  outweigh  the  actual  physical  workload. 

This  matter  has  already  been  mentioned  in  the  introductory  remarks  where,  treating 
the  pathogenesis  of  flying  fatigue,  attention  was  drawn  to  the  Innuuoerable  and  multiform 
demands  that  the  continuous  nervous,  psychic  and  emotive  stresses  connected  with  the  mans 
gement  of  the  aircraft  and  the  performance  of  the  aerial  navigation  make  on  the  delicate 
psychological  and  affective  equilibrium  of  the  pilot.  It  was  also  referred  to  when  men 
tion  was  made  of  the  continuous  psychic  tension  ; of  the  frequent  and  intense  emotional 
states  that  are  involved  in  evey  fli^t,  even  normal  and  not  particularly  difficult  ones  ; 
of  the  considerable  psychlo  commitment,  involving  especially  the  pllct's  attentlcn,  called 
for  by  the  continuous  vigilance  and  the  monitoring  of  the  numerous  panel  instruments,  and 
the  need  for  instantaneously  capturing  and  interpreting  the  sensorial  data  supplied  by 
these  instruments,  which,  in  a perfect  sensorlo-motorlal  organization,  must  be  immediately 
followed  by  motorlal  reactions  that,  in  both  time  and  space,  are  in  perfect  harmony  with 
the  quality  and  quantity  of  the  perceptive  stimuli  received. 

ftit  apart  from  the  aforementioned  psychic  and  emotive  factors,  all  of  which  have  al 
ready  been  taken  into  consideration  in  connection  with  piloting  any  type  of  aircraft  and 
any  ordinary  condition  of  operative  employment,  the  piloting  of  helicopters  is  also 
subject  to  the  intervention  of  other  elements  of  a psychic  nature  that  exert  a fatiguing 
effect  and  are  connected  with  the  particular  employment  to  which  this  means  of  transport 
is  often  put. 

In  fact,  when  the  helicopter  pilot  is  called  upon  to  perform  normal  missions  that 
are  equal  to  those  of  normal  aircraft  of  similar  weight  and  power,  ordinary  lino  flights 
and  the  routine  transport  of  Injured  people  in  normal  conditions  being  cases  in  point, 
there  may  be  no  substantial  difference  - as  far  as  fatigue  is  concerned  - between 
helicopter  pilots  and  the  pilots  of  ordinary  fixed-wing  aircraft  ; in  such  cases,  there 
fore,  our  general  knowledge  of  the  operational  fatigue  of  aircraft  pilots  retains  its 
validity.  But  when  the  helicopter  is  employed  as  such,  l.e.  in  operations  that  Involve 
the  transport  or  the  placing  of  heavy  suspended  loads,  in  landing  and  take-off  operations 
at  hl^  altitudes  in  mountainous  areas,  in  rescue  and  search  operations  involving  the 
over-flight  of  difficult  and  out-of-the-way  terrain,  or  missions  (no  matter  of  irtiat  type) 
carried  out  in  adverse  atmospheric  conditions,  etc.,  then  the  effort  and  the  fatigue  in 
volved  in  the  helicopter  pilot's  workload  become  truly  considerable  and  can  very  easily 
create  the  conditions  that  favour  flying  accidents  ; Indeed,  accidents  in  this  branch 
of  aviation  are  unfortunately  still  relatively  frequent. 

The  more  delioate  and  oomplax  the  mission  in  relation  to  the  oharacterlatlos  of  the 
ground  (Inhospltallty  of  the  terrain,  in  particular),  the  atmospheric  conditions  and  the 
type  of  transport,  the  more  the  helicopter  becomes  exposei  to  the  risk  of  an  accident. 

In  this  connection  one  only  has  to  think  of  the  frequency  with  which  the  helicopter, which 
is  considered  to  be  an  all-weather  aircraft,  is  employed  for  low-level  flights  over  inho- 
spitable or  wooded  or  mountainous  land  or  over  heavy  seas  t all  of  which  are  conditions 
in  which  possible  poor  weather  conditions,  quite  apart  from  being  in  themselves  potential 
causes  of  accidents  (gusts  of  wind,  electric  discharges,  etc.),  can  greatly  facilitate 
- as  a result  of  inadequate  visibility  - oolllslons  with  trees,  pylons  or  overhead  high- 
tension  wires,  hilltops  or  mountains,  etc. 

When  carrying  out  particularly  difficult  and  delioate  missions,  therefore,  the  sub- 
oonsolous  of  the  helicopter  pilot,  just  like  and  possibly  even  more  than  the  subconscious 
of  the  pilot  of  other  aircraft  of  greater  power  and  speed,  feels  the  weight  of  a oont^ 
nuous  state  of  vigilant  sxpsotation  and  fear  of  danger,  a tension  that  la  by  Itself  suf 
flolent  to  wear  out  tbs  psyche  and  irtilob  makes  Itself  felt  at  the  level  of  the  conscious 
particularly  in  those  momenta  when  the  possibly  vlolant  emotions  occasioned  by  the  sudden 
or  unexpected  arising  of  an  internal  or  external  smsrgenoy  situation  superpose  themselves 
on  the  pilot's  consol ouans as. 

To  this  general  state  of  expectation  of  danger  during  a fli^t  and  during  the  oarr^ 
ing  out  of  a mission  one  must  also  add  the  period  of  time  that  the  crews  spend  on  the 
ground  before  taking  off  on  a mission,  often  an  altogether  nerve-raoking  ezperlanoe.  This 
waiting  period  involves  a fatigue  quite  Independent  of  flying  aotlrlty  in  the  proper  sen 
se  of  the  word,  and  has  to  be  taken  into  due  aooount  as  a factor  that  undoubtedly  exerts 
a stressing  and  exhausting  action. 

Lastly,  tbs  partloular  type  of  e^^iloynsnt  reserved  for  helloopters  involves  frequent 
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take-offs  and  landlnca,  oparatlona  that  ara  alaaja  daaandlng  and  fatiguing,  aapaolally 
iriion  they  ara  parfornad  in  plaoaa  that  ara  far  fron  aultahla  aa  landing  grounds.  In  aoaa 
oaaaa  tha  pilots  also  suffer  fron  tha  fliokaring  light  that  is  oausad  by  the  rotation  of 
tha  rotor  blada. 

Another  problan  to  be  taken  into  oonsidaratlon  is  tha  one  that  arises,  aran  during 
flights  in  traditional  types  of  slroraft,  in  oonnaotion  with  tho  disorientation  that  tha 
pilot  any  «zparianoa  whanavar  there  is  a oonfliot  between  his  own  sensorial  sTSluatlons 
and  tha  inforaatlon  supplied  by  tha  instruasnts,  a confllot  that  nay  induoa  hla  - if  his 
orltioal  faculty  has  not  bean  suffiolantly  trained  or  if  it  has  bean  ooaproalsad  by  fatl 
gua  - to  ooMlt  aanoauTarlng  errors  due  to  failure  to  oorraot  tha  tria  of  tho  airoraft~ 
(or  an  inatinotlTa  but  orronoous  oorrootion)  in  situations  that  oall  for  aanoaurraa 
wholly  uninfluanoad  by  tha  pilot's  instinots. 

In  tha  ossa  of  haliooptars  this  problaa  of  disorientation  booomss  far  more  serious 
than  in  tha  oaao  of  traditional  fixed-wing  alroraft,  baoausa  aooalaratlons  nay  occur  s^ 
Bultanaously  along  all  three  of  tha  aorodynsalo  axes  of  tha  vahiola  t in  thaso  oondltrcns 
it  is  possible  for  tha  pilot  to  oxparlanoa  environaents  and  situations  that  ara  ambiguous 
from  both  tha  rlsual  and  tho  raatibular  point  of  riaw. 

The  intoraotion  of  the  sonaorial  inforaatiens  frequently  leads  to  conflicts  in  thase 
situations,  situations  that  oan  be  rasolrad  only  by  properly  trained  and  updated  pilots  i 
but  tho  need  for  rapidly  changing  froa  rlsual  flying  to  instrumental  flying,  tha  axiston 
OS  of  isolated  light  sources  during  tha  nii^t,  aa  well  aa  tho  oontlnuous  obsarration  of 
the  panel  instruaants  during  oartain  vibration  oyolos,  aay  supply  sensorial  raferenoe  da 
ta  that  ara  Inoorraot  from  tha  visual  point  of  view  and  thus  permit  other  erroneous  sen 
sorlal  stimuli  to  ariso. 

COhCLUSlC.  \ 

Up  to  this  point  we  have  daaoribad  and  analysed  tho  nature  and  the  entity  of  the 
various  stressing  and  fatiguing  factors  that  act  on  the  organism  and  the  psyche  of  pilots 
in  general,  and  hsllooptor  pilots  in  partloular.  And  - always  within  the  limits  oompa 
tibia  with  a study  of  this  type,  in  trtiloh  many  of  the  judgments  and  views  may,  at  least 
in  part,  be  oplnlonablo  - we  have  analytically  examlnsd  the  degree  of  influence  that  the 
various  biological,  physical  and  psychic  effects,  both  singly  and  jointly,  exert  on  the 
genesis  of  flying  fatigue. 

An  analytical  study  of  this  type  makes  it  abundantly  obvious  that,  generally  speak 
Ing,  tho  exercise  of  the  pilot's  profession  is  underlain  by  a basic  situation  that  in  the 
last  resort  permsatos  the  ehole  of  the  pilot's  aotivlty  and  exerts  a multipliolty  of  re 
flexes  on  the  physique  and  the  psyche  of  the  pilot  | the  fundamental  oharaoterlstios  of 
this  situation  aay  be  suamarleed  in  the  following  three  points  i 

1. -  Flying  Involves  the  use  of  a aaohlne  that  is  required  - unlike  other  maohines  - 

to  respeot  certain  aerodynaaio  laws,  and  any  infraction  of  these  laws  Involves  an 
Immediate  risk  of  crash  and  accident.  In  the  pilot's  profession,  therefore,  more 
so  than  in  any  other  hvunan  aotivlty,  life  depends  on  the  aaohlne  and  its  continuous 
effloienoy,  a situation  that  in  actual  praotloa  expraasas  Itself  in  the  form  of  a 
permanent  image  of  potential  "vulnerability"  undoubtedly  present  in  the  suboonsolous 
of  each  and  every  pilot. 

2. -  Oie  pilot's  aotivlty  depends  a great  deal  on  the  spatial  environment  in  irtiloh  the 

aircraft  finds  itself,  on  the  three-dimensional  displaoeablllty  and  the  rapid  trans 
latlon  of  the  aircraft  and,  indirectly,  also  on  tha  various  conditions  that  have  re 
percussions  on  the  human  organism  (including  aooelerations,  acoustic  and  non-acoustic 
vibrations,  equipment,  sensorial  stress,  ato.),  all  of  wfalob  oonstltute  links  in  a 
chain  of  factors  that  readily  explain  tha  wealth  of  Interferences  that  act  on  the  so 
mato-psyohlo  equilibrium  and  consequently  also  on  the  performance,  the  adaptability** 
and  - in  the  long  run  - tha  fatigue  of  the  individual. 

3. -  Flying  does  not  just  represent  a teohnloal  or  operative  aotivlty,  l.e.  a job,  but 

rather  - as  MANGIACAPRA  (1949,19)  so  adroitly  put  it  - "a  vital  aotivlty  and  an 
'in  toto'  reaction  of  the  ago  to  the  environment". 

On  this  basic  substrate,  which  is  already  in  itself  potentially  stressing  and  qua 
litatlvely  oommon  to  all  pilots,  quite  irrespective  of  their  apeolalisation  and  the  type 
of  aircraft  they  fly,  there  then  aot  the  interferenoea  due  to  the  various  physical  and 
psyohlo  factors  - each  of  which  plays  a apeolfio  and  individualising  part  - that  we  have 
above  endeavoured  to  analyze  and  deaorlbe  both  in  connection  with  aircraft  in  general  and 
the  use  of  helicopters  in  particular. 

One  might  add  here  that  it  would  certainly  be  interesting  and  li^ortant  if  it  were 
possible  to  define  the  degree  and  the  limits  of  this  psyohophywloal  workload  by  means  of 
solentlflo  methods  that  are  teohnloally  valid  and  aooaptable,  this  not  least  with  a view 
to  obtaining  a differential  assessment  - in  both  qualitative  and  quantitative  terms  - 
of  the  various  flying  specialisations. 
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In  fact,  numarouB  iMthoda  haT«  from  time  to  time  been  proposed  end  used  for  the 
purpose  of  obtaining  a measure  of  workload  by  means  of  a quantitative  evaluation  of  the 
functional  modifications  that  fatigue  can  produce.  As  is  known,  these  modifications  may 
oonaist  of  i an  inoreasa  of  the  duration  and  the  inoonstanoy  of  the  psyohomotorial 
reaction  tines  ; an  increase  of  the  latency  time  of  the  pupillar  reflex  ; a diminution 
of  the  capacity  for  rapid  binocular  fusion  ; an  Increase  of  the  accomodation  time  for 
near  and  distant  vision  t a diminution  of  the  critical  frequency  of  fusion  ("flicker 
fusion")  (VOZZA,  1955,36  ; KBUGUAN,  1947,  16),  and  variatlona  of  other  ophthalmic  indloes 
(AKOIBOUST  and  PAPU,  1976)  ; modifloatlons  of  the  oharaotera  and  the  duration  (total 
reflex  time,  spinal  delay,  motor  plaque's  synaptic  delay,  motor  and  aensltlve  conduction 
velocity,  Renshaw'a  phenomenon)  of  the  monosynaptic  spinal  reflexes  produced,  for  example, 
in  the  area  of  the  solatlo  nerve  (GDALTIEROTTI,  HARGARIA  and  SFINELLI,  1958,11)  ; varia 
tlona  of  the  duration  of  the  central  nervous  time  of  the  orbicular  blinking  reflex  under 
li^t  stimulation,  and  the  time  needed  for  a complex  mental  process  (total  time  T ernplojmd 
for  a series  of  mental  operations,  subdivided  into  the  reading  time  I,  the  time  M needed 
for  mental  elaboration,  and  the  writing  time  S : SPIMELLl  and  C£RR£TELLI,  1961,34)  ; 
diminution  of  the  muscular  force  and  the  muscular  tone  ; Increased  instability  in  neuro- 
muscular coordination  ; Increased  loss  of  eleotrolytes  through  cutaneous  sweating  ; 
diminution  of  the  volume  of  plasma  in  circulation  ; variations  in  the  urine  elimination 
of  corticosteroids  (GHIHOZZI,  1951,7  ; HOTORDO,  1955,27)  and  cathecolamlne  (KLSPFING  and 
al.,1963|15,  etc.);  variations  in  the  lactaoldcmia,  the  glyoemla,  the  choleaterolemla, 
the  ratio  between  alpha  and  beta  lipoproteins,  the  number  of  the  eosinophlles,  and  the 
hematoorlte  count  ; electrocardiographic  variations,  and  variations  in  the  response  to 
the  Schneider  test,  the  Flack  teat,  and  the  cold  pressure  test  ; variations  in  the 
Huffier  and  Dickson  index  of  cardiac  resistance  (LE  RCXJX,  1960,17),  in  anthropometric 
indices,  etc. 

Quite  obviously,  howl  er,  all  these  methods  lend  themselves  very  readily  to  crl= 
tlclam  1 Indeed,  none  of  the  results  yielded  by  any  of  these  methods  are  capable  of  be 
Ing  Interpreted  in  a unique  manner,  because  the  methods  are  indicators  and  measures  of 
functional  modifications  that  are  or  can  be  considerably  influenced  by  a wealth  of  other 
factors,  both  endogenous  and  exogenous  ones,  including  first  and  foremost  the  age  of  the 
subject. 

If  therefore,  in  the  light  of  the  results  of  a detailed  analytical  study,  one  wanted 
to  make  a comparative  evaluation  of  the  amount  and  the  precocity  of  the  stress  and  the 
psycho-physical  workload  produced  by  the  individual  stressing  factors  connected  with  fly- 
ing, one  would  have  to  admit  that  it  is  extremely  difficult  to  find  a precise  differential 
criterion  that  could  be  used  to  obtain  a quantitative  graduation  of  this  workload. 

Ihle  is  not  only  due  to  the  fact  that  the  subjective  element,  here  understood  as  the 
individuality  and  extreme  variability  of  the  response  of  a given  proband  to  every  type  of 
stimulus,  has  a predominant  weight  in  this  particular  activity,  as  indeed  in  every  other 
one,  but  also  because  the  nature  and  the  entity  of  the  reaction  to  any  type  of  stimulue 
are  in  turn  conditioned  - as  has  already  been  shown  - by  numerous  and  extremely  variable 
individual,  environmental  and  oiroumstantial  faotore. 

But  even  if  reference  were  to  be  made,  more  or  leas,  to  the  average  behaviour  of  the 
average  subjeot,  one  may  say  that  if,  on  the  one  hand,  the  physio o-psychlo  workload  of 
fl£ddter  pilots  is  to  be  considered  to  be  of  considerable  entity,  this  on  aooount  of  the 
well  known  multiple  stresses  involved  in  high-speed  flying,  and  if  a far  from  negligible 
worklopd  has  to  be  borne  by  the  pilots  of  transport,  reconnaissance  and  rescue  aircraft, 
etc.  (for  irtiom  particularly  stressing  and  fatiguing  factors  from  the  psychic  point  of  view 
may  be  represented  by  the  typical  fluctuation  of  the  state  of  vigilance,  the  boredom  and 
the  monotony  connected  with  the  long  duration  of  the  flights  (on  account  of  the  great 
range  of  the  aircraft),  the  effects  of  the  general  tiredness,  and  of  the  eyes  in  partlcu 
lar.  Induced  by  the  constant  fixing  of  the  eyes  on  the  radar  screens  in  an  attempt  to 
identify  the  objects  of  the  search,  etc.),  on  the  other  hand  there  can  be  no  doubt  that 
the  entity  of  the  physloal  and  payohlo  stress  to  which  helicopter  pilots  are  subjected  is, 
once  again,  not  by  any  means  negligible. 

These  latter,  in  fact,  no  less  than  the  others,  are  exposed  to  the  particularly 
traumatic  and  wearing  action  of  the  various  factors  that  - as  previously  described  - can 
be  identified  first  and  foremost  in  the  vibrations,  the  noises  and  the  psycho-emotive  fa£ 
tors  connected  with  the  multiplicity  and  the  dangers  of  the  uses  of  this  modem  means  of 
air  transport  ; Indeed,  the  permanent  sense  of  potential  danger  that  we  have  seen  to  per 
meets  in  a more  or  less  oonsolous  manner  the  suboonsoioua  of  air  crews  is  inherent  in  the 
use  of  helloopters  and  assumes  particular  intensity. 

It  is  not  therefore  surprising  to  find  that  authoritative  authors,  including  for 
example  HOFFMANN,  STRUBEL,  RAABE  and  KOOK  (1969,13)«  after  carrying  out  interesting  exper 
iowntal  research  work  ainwd  at  determining  the  different  operational  fatigue  in  helloopter 
pilots  and  oomparing  the  operational  fatigue  of  helloopter  pilots  with  that  of  pilots  of 
other  alroraft,  oven  faster  and  more  powerful  ones,  have  unanimously  concluded  that  the 
piloting  of  helicopters  involves  a psyoho-physloal  workload  and  a fatigue  that  must  be 
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oonaldarcd  of  an  entity  at  least  equivalent  (and  oertalnly  not  Inferior)  to  the  workload 
and  the  fatigue  to  whloh  pilots  of  other  types  of  aircraft  are  eubjeoted. 

Yor  the  purpose  of  preventing  this  fatigue,  one  mist  obviously  consider  valid,  just 
as  In  the  case  of  other  feme  of  operational  fatigue  In  the  various  flying  speolallza« 
tlons,  the  adoption  of  the  usual  rules  relating  to  hygiene,  way  of  life,  nourishment  and, 
above  all,  work  (for  example,  appropriate  gradual  adaptation  of  the  entity  and  the  dura= 
tlonvjf  the  exposure  to  flying  stress  to  the  age  and  the  physical  conditions  of  the  Indj^ 
Vidus 1 , adoption  of  a suitable  roster  of  service  and  rest  periods,  etc.)  ; moreover, 
helicopter  pilots  must  be  given  the  benefit  of  a oostant  medloal  assistance  and  payoho- 
physiologloal  oheok-up  that  will  tpejmlt  the  Immediate  Identification  of  even  the  early 
signs  of  fatigue  and  reduced  physlopsyohio  iierf ormanoe . 

The  putting  Into  practice  of  suoh  a programme,  which  naturally  calls  for  a very 
close  and  unoondltional  collaboration  between  aerospa^  physicians,  commanders  of  units 
and  tbs  pilots  themselves,  would  enable  aerospace  asdlo>|||^  to  continue  Its  irreplaceable 
work  aimed  at  safeguarding  and  maintaining  the  psychophysical  efflolenoy  of  air  orews 
and,  further,  attaining  an  ever  hljlter  degree  of  flight  safety  as  a result  of  the  proven 
tlon  of  flying  accidents,  too  many  of  which  are  still  due  to  the  human  factor. 
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SUMMARY 

The  emphasis  on  aviator  workload  has  been  of  primary  concern  to  the  U.S.  Army  aviation  community  since 
the  incorporation  of  low  altitude  terrain  flight  techniques  into  the  helicopter  tactics  repertory.  Since 
navigation  is  a particularly  acute  problem  at  low  altitudes,  this  project  examined  the  visual  workload  of 
the  navigator/copilot  during  terrain  flight  (nap-of-the-earth,  contour  and  low  level)  in  a UH-IH  helicopter. 
The  navigator's  task  was  to;  (1)  perform  a map  study  of  the  prescribed  course,  (2)  direct  the  pilot 
during  the  flight  as  to  the  direction  of  flight,  altitude  and  airspeed  desired  to  traverse  the  course,  and 
(3)  identify  hover  points  and  checkpoints  along  the  route  which  were  given  to  the  navigator  in  terms  of 
six  digit  grid  coordinates.  Visual  performance  was  measured  via  a modified  NAC  Eye  Mark  Recorder  used  in 
conjunction  with  a LO-CAM  high  speed  camera.  This  technique  provided  the  means  to  objectively  record  and 
analyze  the  navigator's  visual  performance  through  the  examination  of:  (1)  visual  time  inside  the  cockpit 
on  flight  and  engine  instruments,  (2)  time  Inside  the  cockpit  on  the  map  or  other  navigation  aids,  and  (3) 
time  outside  the  cockpit  in  various  windscreen  sectors. 

A visual  free  time  task  (Strother,  1973)  was  utilized  to  determine  the  amount  of  visual  time  the 
navigator  had  available,  during  flight  over  the  prescribed  course,  for  a nonflight  related  task.  The  data 
indicate  that  the  navigator's  normal  workload  was  demanding;  the  visual  free  time  task  was  utilized  only 
3*  of  the  total  time.  The  data  also  indicate  that  the  duty  of  navigating  required  92.2%  of  the  copilot's 
total  visual  time  while  the  engine  and  flight  Instruments  were  utilized  only  4%  of  the  time.  These  data 
are  discussed  in  relation  to  the  copilot's  specified  duties. 

INTRODUCTION 

The  tactical  requirement  to  conduct  Army  helicopter  operations  close  to  the  earth  has  presented  formid- 
able navigation  problems  to  Army  aviators.  Aviators  forced  to  maintain  aircraft  masking  while  proceeding 
to  enemy  contact  points,  landing  zones  or  MEDEVAC  pick-up  points,  have  the  difficult  task  of  determining 
their  position  and  navigating  to  and  from  these  points  with  little  aid  in  terms  of  salient  landmarks  and 
terrain  features.  Further,  this  problem  is  considerably  increased  with  the  need  for  round-the-clock  all 
weather  operations. 

Pilot  and  copilot  workload  has  increased  significantly  with  utilization  of  tactical  terrain  flight 
techniques.  The  Increased  workload  experienced  by  the  Army  aircrew  is  due,  in  part,  to  the  relative 
perceptual  speeds  at  which  terrain  is  traversed  and  the  subsequent  short  periods  of  time  that  navigational 
cues  remain  in  the  visual  field.  Terrain  flight  consists  of  nap-of-the-earth  (NOE),  contour  and  low  level 
flight  profiles.  T.iese  flight  profiles  have  been  defined  as: 

NOE.  Flight  as  close  to  the  earth's  surface  as  vegetation  or  obstacles  will  permit,  while  generally 
following  the  contours  of  the  earth.  Airspeed  and  altitude  are  varied  as  Influenced  by  the  terrain, 
weather,  and  enemy  situation.  The  pilot  preplans  a broad  corridor  of  operation  based  on  known  terrain 
features  which  has  a longitudinal  axis  pointing  toward  his  objective.  In  flight,  the  pilot  uses  a weaving 
and  devious  route  within  his  planned  corridor  while  remaining  oriented  along  his  general  axis  of  movement 
in  order  to  take  maximum  advantage  of  the  cover  and  concealment  afforded  by  terrain,  vegetation  and  man- 
made features.  By  gaining  cover  and  concealment  from  enemy  detection,  observation  and  fire  power,  nap-of- 
the-earth  flight  exploits  surprise  and  allows  for  evasive  actions. 

Contour.  Flight  of  low  altitude  conforming  generally  and  in  close  proximity  to  the  contours  of  the 
earth.  This  type  of  flight  takes  advantage  of  available  cover  and  concealment  in  order  to  avoid  observa- 
tion or  detection  of  the  aircraft  and/or  its  points  of  departure  and  landing.  It  is  characterized  by  a 
varying  airspeed  and  a varying  altitude  as  vegetation  and  obstacles  dictate. 

Low  Level . Flight  conducted  at  a selected  altitude  at  which  detection  or  observation  of  the  aircraft 
is  avoided  or  minimized.  The  route  is  preselected  and  conforms  generally  to  a straight  line  and  a 
constant  airspeed  and  altitude.  This  method  is  best  adapted  to  flights  conducted  over  distances  or 
periods  of  time. 

The  additional  workload  Imposed  on  the  aircrew  during  terrain  flight  has  necessitated  a division  of 
duties.  The  pilot's  primary  responsibility  during  terrain  flight  has  been  the  demanding  task  of  maintaining 
clearance  of  the  aircraft  from  all  man-made  and  terrain  obstacles  as  well  as  directing  the  aircraft  over 
the  desired  route.  The  copilot,  therefore,  has  assumed  duties  which  entail,  among  other  things:  (1) 
monitoring  the  map  and  navigation  instruments  as  well  as  the  terrain  in  an  attempt  to  locate  the  significant 
navigational  cues  needed  for  maintaining  the  correct  flight  path,  (2)  monitoring  the  helicopter  engine 
instruments  and  other  flight  instruments,  (3)  tuning  the  radios,  (4)  orally  providing  naviqational 
information  to  the  pilot  that  will  allow  him  to  maintain  the  aporopriate  flight  path,  and  (5)  helping 
the  pilot  locate  and  avoid  potentially  hazardous  terrain  obstacles. 

Workload  has  been  defined  as  "the  sum  of  the  task  demands  which  can  be  clearly  specified,  plus  the 
operator's  response  (and  effort)  to  satisfy  these  demands"  (Gerathewohl , 1976).  Pilot  or  navigator 
workload  can  be  evaluated  directly  in  terms  of  activity  or  effort  on  a primary  task  or  indirectly  by 


examining  reserve  capacity  or  time  available  for  the  performance  of  a secondary  task  (Gerathewohl , 1976; 
and  O'Donnell,  1976).  One  specific  approach  for  workload  examination  Is  In  terms  of  visual  demands  upon 
the  navigator  (In  this  study)  and  the  distribution  of  his  visual  time. 

Previous  studies  (Senders,  1973;  Jones,  Milton,  and  Fitts,  1946)  have  suggested  that  "frequency  of 
eye  fixation  on  any  given  Instrument  Is  an  indication  of  the  relative  Importance  of  that  Instrument. 

The  length  of  the  fixations,  on  the  contrary,  may  more  properly  be  considered  as  an  Indication  of  the 
relative  difficulty  of  checking  and  interpreting  particular  Instruments." 

Recent  research  (Strother,  1974)  has  Identified  the  visual  workload  problems  encountered  by  the 
pilot  during  straight  and  level  flight  at  varying  altitudes.  This  research  demonstrated  that  "the 
duration  and  frequency  of  visual  scan  Intervals  change  between  NOE  and  300  feet  of  altitude  and  that 
below  100  feet,  any  demands  on  the  pilot's  time  can  only  be  of  the  simplest  type  unless  he  Is  unburdened 
from  his  visual  tasks." 

Since  the  duties  and  responsibilities  of  the  copilot  have  Increased  a great  deal  In  a very  short 
time  frame,  the  objective  of  the  current  research  project  was  to  examine  the  existing  visual  workload 
(oculomotor  performance)  of  the  navigator/copilot  during  terrain  flight. 

METHOD 

Subjects.  Subjects  participating  in  the  investigation  were  ten  recent  graduates  of  the  U.S.  Army 
Initial  Entry  Rotary  Wing  flight  training  program  of  Instruction  at  Fort  Rucker,  Alabama.  These  pilots 
had  recent  training  in  navigation  during  terrain  flight  and  an  average  of  287  total  flight  hours.  All 
participants  had  at  least  115  hours  of  flight  experience  in  the  UH-IH  helicopter. 

Apparatus.  Oculomotor  performance  was  recorded  via  a modified  NAC  Eye  Mark  Recorder  used  In  conjunction 
with  a lOmm  LOCAM  high  speed  motion  picture  camera.  Through  the  utilization  of  the  NAC  Eye  Mark  Recorder, 
the  aviator's  viewing  point  was  detected  by  means  of  an  Illuminated  reticle  reflected  off  the  cornea  of 
the  eye.  The  optically  focused  reticle,  reflected  from  the  cornea,  was  superimposed  upon  a primary 
Image  with  a field  of  view  of  43.5°  vertical  and  60°  horizontal.  Figures  1 and  2 show  a subject  aviator 
wearing  the  modified  Eye  Mark  Recorder.  One  can  also  see  the  fiber  optic  bundle  connecting  the  Eye  Mark 
Recorder  to  the  LOCAM  16iim  camera,  which  Is  attached  to  the  pilot's  seat.  A detailed  description  of  the 
Eye  Mark  Recorder  and  scoring  techniques  utilized  can  be  found  In  USAARL  Report  74-7  and  Sltimons  (1977). 

The  test  vehicle  was  a JUH-IH  helicopter. 


Figure  1.  Aviator  Wearing  the  Modified  NAC  Figure  2.  Copilot  Prepared  for  Flight  in  the  UH-IH 

Eye  Mark  Recorder  Helicopter 


The  visual  free  time  task  utilized  consisted  of  a 5X7  card  containing  random  monosyllabic  words 
(reference  Figure  3).  The  card  was  bordered  in  black  and  had  a white  background  with  black  letters. 

The  card  was  sprayed  with  a glare  reducing  compound  and  mounted  on  the  UH-IH  Instrument  panel  directly 
below  the  vertical  velocity  Indicator.  The  average  distance  from  the  subject's  eyes  to  the  visual  free 
time  task  card  was  87  centimeters  (reference  Table  1 for  cockpit  measurement  data). 

The  maps  utilized  were  standard  1:50,000  scale,  with  white  background,  of  the  Geneva  (Stock  No. 
V744X38463)  and  Hartford  (Stock  No.  V744X38462),  Alabama  area.  A 255  square  kilometer  portion  of  the 
maps  around  the  Highfalls  stagefleld  was  prepar^  for  use  by  the  participants. 

The  navigation  course,  approximately  19  kilometers  long,  was  marked  on  the  map  (reference  Figure  4). 
The  participants  were  given  six  digit  grid  coordinates  of  five  phase  points/checkpoints  plus  the  initial 
point  (IP)  of  the  navigation  course.  These  points  were  to  be  identified  on  the  map  by  the  subject 
during  his  map  study  and  reported  upon  passage  during  flight  over  the  course.  The  subjects  were  also 
given  a list  containing  six  digit  grid  coordinates  of  five  hover  points  located  along  the  navigation 
course.  These  points  were  utilized  to  represent  landing  points,  such  as  equipment  or  personnel  pick  up 
points,  in  an  operational  setting. 

Procedure.  The  participants  were  first  given  a briefing  concerning  the  general  nature  of  the  project 
and  their  role  In  the  project.  The  subjects  were  provided  the  map  similar  to  the  one  shown  in  Figure  4 
(excluding  the  location  of  the  checkpoints  and  hover  points)  and  the  list  of  phase/checkpoints  and  hover 
points,  the  participants  were  told  that  they  were  to  act  as  navigator  or  copilot  and  that  a USAARL 
pilot  would  act  as  first  pilot  or  aircraft  conmander  during  the  flight.  The  participants  were  able  to 
perform  a map  study  for  the  rest  of  that  day  and  reported  to  the  aircraft  the  next  day  prepared  to  fly. 
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Figure  3.  Visual  Free  Time  Task 
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Figure  4.  Navigation  Course  Utilized  in  the  Investigation 


Immediately  before  flight,  the  subjects  were  again  Informed  that  they  were  to  act  as  copilot/navigator 
and  to  perform  all  duties  associated  with  that  position.  The  UH-IH  Tactics  Flight  Training  Guide  (March 
1975),  which  identifies  the  pilot  and  copilot's  In-flight  duties,  was  given  to  the  subjects  to  refresh 
their  memory  as  to  the  exact  functions  expected  of  them  during  the  flight.  The  participants  were  told 
that  their  responsibility  for  the  flight  was  to  direct  the  pilot  to  fly  along  the  course  Identified  on 
the  maps  provided.  They  were  responsible  for  keeping  the  pilot  Informed  so  that  he  could  fly  the  aircraft 
as  close  to  the  course  as  possible. 

The  following  VFT  task  Instructions,  which  are  similar  to  the  Strother  (1974)  study,  were  also  given 
to  the  subjects:  "During  the  course  of  the  flight,  when  you  feel  that  It  Is  not  necessary  to  look  Inside 
or  outside  the  helicopter  In  performance  of  your  navigation  duties,  read  the  words  located  on  the  card 
mounted  on  the  Instrument  panel.  Start  reading  at  any  word  and  It  is  not  necessary  to  pick  up  where  you 
stopped  before.  Read  aloud  as  many  words  as  you  feel  you  have  time  for  and  then  stop  reading  and  return 
to  your  normal  duties." 

The  NAC  Eye  Mark  Recorder  was  fitted  and  calibrated  on  the  subject  Inside  the  USAARL  research  facility 
followed  by  a recal Ibratlon  of  the  device  after  the  subject  was  seated  and  prepared  for  flight  in  the 
left  front  seat  of  the  UH-IH  aircraft.  From  takeoff  to  completion  of  the  course,  subjects  were  completely 
responsible  for  the  flight  path  of  the  helicopter  with  the  USAARL  pilot  changing  heading,  airspeed  and 
altitude  In  response  to  their  directions.  The  subjects  were  Instructed  to  report  the  passage  of  the 
five  phase/checkpoints.  Subjects  were  also  responsible  for  Identifying  the  five  hover  points  and  directing 
the  pilots  to  hover  at  these  points. 
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RESULTS  AND  DISCUSSION 

For  scoring  purposes,  the  visual  performance  data  were  divided  Into  ten  visual  areas  of  Interest. 
These  areas  are  schematically  presented  In  Figure  5.  The  copilot’s  Instrument  panel  was  divided  Into 
functional  groups  of  Instruments,  e.g.,  navigation  Instruments  (the  RMI  and  magnetic  compass)  engine 
Instruments,  etc.  The  copilot's  windscreen  was  originally  divided  Into  four  quadrants,  but  these  areas 
were  consolidated  Into  one  visual  area  for  data  Interpretation  purposes. 


I,  £b-SoO^ 


Copilot's  Windscreen 
Hand-held  Hap 
Right  Windscreen  & Right 
Side  Door  Window 
Copilot's  Side  Door  Window 
Visual  Free  Time  Task 


Flight  Instruments 
Engine  Instrument  Cluster 
Navigation  Instruments 
Warning  Lights 
Other  Visual  Areas 


Figure  5.  Schematic  of  UH-1  Visual  Areas 


Tables  2 through  7 show  the  summary  of  the  visual  data  for  each  of  the  segments  In  the  navigation 
course  for  all  subjects  whose  data  were  scorable.  Segments  of  data  were  lost  on  some  subjects  as  a 
function  of  camera  malfunctions  and  film  exposure  problems  due  to  the  fact  that  the  NAC  Eye  Mark  Recorder 
system  does  not  have  an  automatic  T-stop  adjustment  capability.  However,  the  data  remaining  reflect 
accurately  the  visual  performance  exhibited  during  navigation. 
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Some  of  the  key  Items  of  Interest  In  Tables  2 through  7 are  the  mean  dwell  time  figures  representing 
the  average  period  of  visual  contact  with  the  area  and  percentage  of  total  time  of  the  segment  spent  In 
each  of  the  visual  areas. 
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Figure  6 provides  sunnary  data  for  all  six  flight  segments  In  terms  of  the  percentage  of  total 
visual  time  spent  In  each  of  the  ten  visual  areas.  The  shaded  area  Includes  all  mean  data  points  for 
each  of  the  six  flight  segments.  The  consistency  between  flight  segments  Is  particularly  noteworthy. 

These  data  Indicate  very  little  variability  In  percent  of  time  each  of  the  visual  areas  were  utilized 
over  the  entire  navigation  course.  Though  the  terrain  traversed  did  vary  to  some  degree  over  the  course, 
the  Information  demanded  from  each  of  the  visual  areas  remained  relatively  constant.  That  Is,  visual 
cues  needed  for  navigation  were  primarily  obtained  from  terrain  viewed  through  the  copilot's  windscreen 
with  frequent  reference  to  the  handheld  map. 

It  Is  no*eworthy  that  the  visual  cues  necessary  for  navigation  were  evidently  present  primarily  In 
the  area  viewed  through  the  copilot's  windscreen.  This  fact  is  pointed  out  In  the  data  presented  In 
Figure  6 and  Table  8 which  contains  the  sunmary  data  for  all  six  flight  segments  combined.  The  navigators 
spent  46.8*  of  the  total  visual  time  during  the  flight  obtaining  Information  through  the  left  windscreen 
compared  to:  (1)  5*  of  the  time  viewing  the  terrain  through  the  right  windscreen  and  right  door  window, 
and  (2)  4.9*  of  the  time  searching  for  navigation  information  through  the  left  door  window. 

The  magnitude  of  the  demand  for  visual  Information  can  be  seen  In  Figure  7,  which  reflects  summary 
data  for  all  six  flight  segments  combined  in  terms  of  the  number  of  exits  per  minute  for  each  of  the 
visual  areas.  Interpretation  of  these  data  should  be  made  in  light  of  Senders'  statement  that  the 
frequency  of  eye  fixations  In  a visual  area  reflects  the  relative  Importance  of  that  area.  Thus,  two 
areas,  copilot's  windscreen  and  the  handheld  map,  far  outweigh  all  others  in  terms  of  frequency  of 
demand  of  visual  information.  These  data  point  to  the  copilot's  primary  duty  of  navigating  and  seeking 
Information  In  the  terrain  which  corresponds  to  that  depicted  on  the  map.  Following  these  two  high 
visual  use  areas  are  two  other  windscreen  or  window  areas:  (1)  right  windscreen  and  right  side  door 
window,  and  (2)  copilot's  left  side  window.  The  percentaqe  of  time  In  each  visual  area  also  shows  the 
same  order  of  utilization:  (1)  copilot's  windscreen,  (2)  handheld  map,  (3)  right  windscreen  and  right 
side  door  window,  and  (4)  copilot's  left  side  door  window.  Again,  the  total  visual  contact  for  these 
areas,  for  all  flight  segments,  (reference  Table  8)  represents  91.4*  of  the  time  In  flight.  More  specifi- 
cally, 56. SX  of  the  time  was  used  by  the  aviators  to  obtain  navigation  cues  from  outside  the  cockpit  and 
an  additional  34.9*  of  the  flight  time  was  spent  obtaining  information  from  the  handheld  map. 
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Figure  6.  Percentage  of  Time  Across  Visual  Areas* 


Traditionally,  heading  reference  obtained  from  the  RMI  and  magnetic  compass  has  been  critical  for 
successful  navigation  at  higher  altitudes.  However,  the  sunmary  data  (reference  Table  8 and  Figures  6, 
7 and  8),  Indicate  that  the  magnetic  compass  and  RMI  are  used  very  Infrequently  and  for  the  shortest 
mean  dwell  time.  When  the  percentage  of  time  the  RMI  and  magnetic  compass  were  used  Is  added  to  the 
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Figure  8.  Mean  time  In  Each  Visual  Area 

It  should  be  noted  that  It  Is  the  pilot's  duty  to  "perform  the  pretakeoff  and  landing  checks  prior 
to  all  takeoffs  and  approaches  except  when  flying  a position  In  formation  other  than  lead.”  Excluding 
these  checks,  the  copilot's  specified  duty,  "monitor  engine  and  flight  Instruments  and  advise  pilot  as 
required,"  comnanded  only  4, OX  of  the  copilot's  visual  time  over  all  the  flight  segments  of  the  navigation 


course.  In  scoring,  the  master  caution  light  was  not  included  In  warning  light  visual  area.  A very 
small  percentage  of  the  time  attributed  to  the  other  visual  areas  category  could  have  been  spent  on  the 
master  caution  light.  However,  time  spent  In  the  other  visual  area  category  was  only  .7t  of  the  total 
time;  therefore,  the  time  devoted  to  this  particular  warning  light  was  Inconsequential.  Although  guidelines 
are  not  established  for  the  frequency  of  scan  of  engine  and  flight  Instruments  and  warning  lights,  one 
would  assume  a greater  frequency  of  demand  of  visual  Information  from  these  areas  than  existed  (reference 
Table  8 and  Figure  7).  The  frequency  of  demand  for  aircraft  and  engine  status  Information  should  directly 
relate  to  the  copilot's  uncertainty  about  the  status  of  this  Information  as  well  as  the  degree  to  which 
he  feels  responsible  for  determining  this  Information.  The  low  frequency  of  scan  of  the  flight  and 
engine  status  Instruments  and  warning  lights  would  suggest  that  the  aviators  tested  did  not  perceive  a 
critical  personal  need  for  this  Information. 

Link  values  or  the  number  of  transitions  from  each  of  the  visual  areas  to  all  other  areas  Indicates 
the  copilot's  Information  seeking  behavior.  The  link  values  reported  In  Table  9 are  supportive  of  the 
previous  data  In  that  the  primary  transitions  are  between  the  copilot's  windscreen  and  the  handheld  map. 
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The  primary  act  of  navigation  In  a rotary  wing  NOE,  low  level  or  contour  environment  could  be  described 
as  a feature  or  pattern  comparison  between  the  map  and  the  terrain  In  sight.  However,  before  the  pattern 
matching  can  occur,  the  navigator  must  first  perform  a search  task  for  critical  geographical  features. 
Navigation  requires  the  constant  Integration  of  Information  deemed  critical  on  the  map  and  comparing 
this  array  of  features  to  the  actual  terrain.  The  navigator's  task  Is  made  more  difficult  by  the  fact 
that  he  must  (1)  view  the  terrain  In  a variety  of  states,  e.g.,  seasonal  changes,  visibility  or  Illumination 
differences,  day  and  night;  and  (2)  compensate  for  the  discrepancies  between  the  map  and  the  terrain  In 
areas  where  significant  terrain  features  have  been  changed,  e.g.,  fields  cleared,  roads  and  bridges 
added,  etc. 

In  conclusion,  the  data  from  this  study  will  provide  useful  baseline  Information  for  comparison  with 
the  performance  of  other  aircrew  duties  or  missions.  As  well.  It  1$  very  Important  to  note  objectively 
the  copilot's  priorities  In  carrying  out  his  primary  and  secondary  subtasks.  The  Imbalance  In  the 
copilot's  distribution  of  visual  time  across  subtasks  Indicates  that:  (1)  new  maps  should  be  developed 
that  will  allow  the  navigator  to  reduce  his  Information  processing  and  search  time,  and  (2)  new  navigation 
aids  should  be  developed  that  will  provide  Information  which  will  reduce  the  navigator's  time  on  navigation 
tasks.  Data  from  this  study  Indicate  that  unless  these  developments  are  added  to  the  flight  Inventory, 
the  copilot  will  have  a very  limited  opportunity  to  perform  other  In-flight  tasks  such  as  target  detection 
and  Identification.  As  well,  flight  safety  Is  currently  compromised  because  of  the  copilot's  Inability 
to  attend  to  critical  engine  status  Instruments. 

DISCLAIHER 

The  findings  In  this  report  are  not  to  be  considered  as  an  official  Department  of  the  Army  position 
unless  so  designated  by  other  authorized  documents. 
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SUMIARY 

Head  and  hand  activity  patterns  have  been  established  for  UK  Army  and  Air  Force  helicopter  pilots  under 
a variety  of  operational  flight  conditions  using  a cine  filming  technique.  A fully  portable  cine  camera 
fitted  with  a ’fish  eye*  or  wide  angle  lens  has  been  used  to  record  pilots'  head  and  hand  movements  in 
6 different  helicopters  and  2 fixed  wing  aircraft  types  during  nap-of-the-earth,  low  level  and  other 
flight  ^^ases. 

Apart  from  highlighting  problem  areas  in  the  cockpit,  the  film  records  show  that  activity  patterns  depend 
more  upon  the  flight  profile  than  upon  the  helicopter  type  or  the  individual  pilot.  Subsequent  film 
analysis  has  shown  that  the  pilot  work-load  tends  to  Increase  with  decreasing  height  above  the  ground. 
lAiring  nap-of-the-earth  tactical  flying,  a pilot  may  spend  over  a third  of  the  time  looking  inside  the 
cockpit  at  maps,  instruments  and  radios.  1%ls  is  precisely  the  time  when  he  needs  to  spend  the  maximum 
time  looking  outside  to  detect  and  evade  potential  hazards  such  as  wires,  trees,  enemy  positions  etc. 
Reasons  for  the  apparently  paradoxical  behaviour  and  the  effect  upon  pilot  work-load  eire  discussed. 

'^rplcal  pilot  activity  patterns  are  presented,  together  with  an  example  of  how  poor  cockpit  design  can 
obviously  increase  work-load  and  reduce  efficiency. 

ACTIVirr  RECORDINO  BIUIPIIEWT 

Some  problem  areas  can  often  be  highlighted  by  studying  pilot  activity  patterns  during  normal  flight 
operations.  Ihe  simplest  way  to  do  this  is  to  sit  alongside  the  pilot  and  note  down  his  actions  as  the 
flight  progresses,  but  this  technique  has  a number  of  disadvantages.  First,  the  Observer  is  not  always 
aware  or  may  not  understand  what  the  pilot  is  doing.  If  several  events  occur  simultaneously  or  in  quick 
succession,  it  is  unlikely  that  all  will  be  noted  by  the  Observer.  Perhaps  the  most  Important  disadvan- 
tage of  all  is,  that  when  the  pilot  notices  that  the  Observer  is  making  notes,  he  will,  subconsciously, 
change  his  activity  patterns.  A far  better  method,  which  overccoes  most  of  these  shortcomings,  is  to 
use  a cine  caaiera  to  record  cockpit  events.  This  has  the  advantage  that  the  film  can  be  viewed  later, 
analysed  and  re-analysed  at  leisure  in  a warm,  quiet,  motion  free  laboratory. 

Although  this  cine  recording  technique  is  well  established  in  the  work  study  area,  it  has  not  been  used 
often  in  aviation,  (l).  Dils.is  due,  possibly,  to  the  difficulty  in  mounting  a cine  camera  in  a 
cockpit  in  such  a way  that  an  adequate  field  of  view  can  be  covered.  One  approach,  in  which  this 
difficulty  can  be  overcome  is  by  replacing  the  cine  cameras  conventional  lens  with  a wide  angle  or 
'fish  eye*  lens  which  gives  a field  of  view  of  over  180°.  This  is  wide  enough  to  enable  both  head  and 
hand  movements  of  the  pilot  to  be  recorded  simultaneously.  A frame  from  a 16  mm  cine  film  is  shown  in 
Figure  1.  Although  the  picture  taken  through  a fish  eye  lens  is  somewhat  distorted,  the  worst  distortion 
is  around  the  edges.  The  centre  region  of  the  picture  la  only  slightly  out  of  shape  and  can  be  inter- 
preted easily. 

By  bolding  the  camera  In  the  hand  (see  Figure  2)  it  can  be  re-aligned  instantly  to  record  any  unexpected 
event  which  might  be  outside  tbs  noznal  range  of  pilot  movements.  Any  lack  of  positioning  accuracy  which 
might  be  present  with  a hand-held  camera  is  compensated  for  by  the  wide  angle  lens,  which  is  not  at  all 
critical  in  alignment  requirements  and  needs  only  to  be  pointed  in  the  general-  direction  of  the  pilot. 
Another  advantage  of  this  camera,  which  also  has  its  own  power  supply,  is  that  it  can  be  carried  aboard 
an  aircraft  by  the  Observer  and  used  immediately.  A conventional  rigidly  mounted  camera  would  require 
time  for  airframe  mounting  brackets  to  be  designed,  fabricated,  approved  and  Installed.  These  modifica- 
tions would  effectively  limit  its  use  to  one  or  two  specific  aircraft.  The  hand-held  fish  eye  cine  camera 
baa  DO  such  restrictions. 

PIU»  ACTIVm  PATTfflfflS 

When  a record  has  been  made  of  pilot  activity  during  flight,  the  film  is  processed  and  then  analysed  frame 
by  frame.  Multiple  activity  charts  of  head  and  hand  activity  can  then  be  plotted  and  times,  etc,  for 
each  activity  can  be  calculated.  (See  Figures  3 to  6).  By  recording  the  activity  of  different  pilots  in 
the  same  aircraft,  and  of  the  same  pilots  in  different  aircraft,  while  performing  a variety  of  tasks,  a 
sot  of  activity  patterns  can  gradually  be  built  up.  Figure  3 shows  a pilot's  head  activity  pattern  during 
low  level  flight  in  a Nessez  at  about  100  ft  above  ground  level  and  at  an  air  speed  (lAS)  of  90  knots. 

This  vituiag  pattern  is  typical  of  a ballooptar  pilot  flying  at  this  height  and  speed.  The  pattern  is 
charaoterlsed  by  tbs  majority  of  tiaw  spent  looking  to  the  front  in  long  looks  of  between  10  and 
1$  seconds,  separated  by  shorter  glances  of  about  a second  or  so  to  either  aide  or  inside  the  cockpit 
to  Inatrwsnta. 


B.v: 

When  the  helicopter  pilot  riles  cloeer  to  the  ground  In  'napi-of-the-earth ' (NOE)  flight,  the  pilot’s 
vlewlitg  pattern  will  change  to  that  Illustrated  In  Figure  4*  (Illustrations  of  what  is  meant  by  low 
level  and  NOE  flight  are  shown  in  Figure  7.)  NOE  pilot  activity  is  typified  by  a rapid  succession  of 
short  glances  or  swift  hand  movements  of  a few  seconds  or  less.  Less  time  is  spent  looking  to  the 
front  and  more  time  is  required  to  look  inside  at  instruments,  reidios  and  maps.  During  NOE  flight  the 
pilot  is  flying  not  only  lower  but  in  between  or  around  trees,  pylons,  buildings  and  other  hazards. 

He  cannot  afford  to  look  for  more  than  a few  seconds  in  any  one  direction.  Because  he  is  flying  lower, 
ho  cannot  see  so  far  ahead.  His  horizon  at  NOE  height  may  bo  only  a few  tons  of  yards  away  (see 
Figure  8)  whereas  at  500  ft  height  he  may  bo  able  to  see  for  miles.  (See  Figure  9»)  Consequently 
at  low  level  he  needs  to  spend  more  time  navigating  by  trying  to  relate  his  limited  view  ahead  or  to 
the  side  with  his  expected  position  on  the  map. 

The  NOE  pilot  must  constantly  check  his  instruments  to  detect  system  changes  before  system  failures 
occur.  For  example,  in  NOE  flight  there  is  little  time  to  take  remedial  action  once  an  engine  has 
fal led. 

Badly  installed  radios  and  other  equipment  cein  severely  disrupt  a pilot’s  efficiency,  especially  during 
NOE  flight.  The  frame  from  the  fish  eye  cine  film  in  Figure  1 shows  a pilot  trying  to  tune  a radio  which 
has  been  installed  behind  his  and  his  co— pilot’s  seat.  To  do  this  a pilot  has  to  remove  his  left  hand 
from  the  collective  lever  and  hold  it  under  hie  knee.  He  then  has  to  turn  round  and  face  rearwards  to 
see  the  frequency  of  the  dial.  The  radio  installation  shown  is  still  further  complicated  by  being  a 
combination  of  3 separate  items  of  equipment.  One  item  of  which  is  mounted  upwards,  the  next  on  its 
side  and  the  third  upside  down.  One  wonders  if  the  equipment  designer  thought  by  this  means  he  would  have 
a 1 in  3 chance  of  getting  something  right  I 

Figures  5 and  6 illustrate  how  overt  activity  patterns  change  with  flying  task.  In  the  case  of  Figure  5 

the  Scout  pilot  is  wearing  chemical  defence  (CD)  clothing,  including  a CD  hood  and  S6  respirator.  The 

respirator,  in  particular,  restricts  the  pilot’s  vision  and  is  generally  very  uncomfortable  to  wear  with 
normal  flying  clothing.  At  the  start  of  the  sortie  during  hover  taxi  out  on  to  an  airfield,  the  pilot 
is  not  unduly  uncomfortable  or  stressed.  This  is  reflected  by  the  activity  pattern  in  Figure  5 which 
resembles  that  of  the  Wessex  pilot  at  low  level  in  Figure  3. 

This  relatively  relaxed  pattern  changes  when  the  CD  Scout  pilot  begins  to  fly  at  low  level.  He  is  now 
begihnlng  to  work  far  harder  and  is  in  some  discomfort.  This  results  in  a viewing  activity  pattern 
much  more  similar  to  the  normally  clothed  Scout  pilots’  pattern  during  NOE  flight,  shown  in  Figure  4« 

Halfway  through  the  sortie,  the  pilot  removes  his  hood  and  respirator  and,  after  a short  rest,  returns 

at  low  level  to  the  airfield.  During  this  return  stage  of  the  flight  hie  activity  pattern  (see  Figure  6) 

returns  to  the  more  leisurely  pattern  exhibited  by  the  Wessex  pilot  at  low  level,  shown  in  Figure  3. 

Other  phases  of  helicopter  flight  have  been  Investigated  by  this  method  of  cine  film  analysis.  (2). 

Figure  10  shows  how  frequency  distributions  of  tine  of  glance  by  a Puma  pilot  vary  with  different  phases 
of  flight.  Ttiese  histograms  show  that  when  a pilot  is  performing  more  exacting  tasks  near  to  the  ground, 
of  descent  or  hover  in  a wooded  clearing,  he  cannct  afford  to  look  inside  the  cockpit  for  more  than  a 
second  or  so  at  a time.  By  comparison,  during  cruise,  when  he  is  well  clear  of  the  ground  obstructions, 
he  can  look  more  often  and  for  longer  periods  Inside  the  cockpit.  In  other  words,  when  flying  close  to 
the  ground,  the  helicopter  pilot,  or  for  that  matter  any  other  pilot,  needs  to  keep  a constant  look-out 
of  the  cockpit  to  see  wires,  trees,  buildings  and  other  dangersln  time  to  take  avoiding  action.  Any 
time  spent  looking  inside  is  potentially  hazardous.  At  greater  heights  above  the  ground  the  risk  of  a 
collision  is  much  reduced  and  the  pilot  can  afford  to  spend  both  more  and  longer  periods  looking  within 
his  cockpit. 

CONCLUSIONS 

Although  the  cine  film  analysis  technique  outlined  hero  provides  a far  from  ccmprehenslve  record  of 
helicopter  pilot  activity,  it  does  reveal  a number  of  Interesting  points  and  indicates  some  problem 
areas  which  might  profit  from  further  study. 

Head  activity  patterns  of  well  trained  pilots  tend  to  be  a function  of  task  and  to  a leaser  extent  of 
the  individual  pilot,  type  of  helicopter,  or  equipment  fit.  With  existing  small  to  medium  sized  heli- 
copters, if  a pilot  has  to  fly  at  very  low  level  due  to  tactical  or  other  reasons  he  might  spend  up  to 
a third  of  his  time  looking  inside  the  cockpit.  He  must  therefore  be  provided  with  improved  navigational 
and  radio  aids  euid  with  engine,  fuel  and  xransmisslon  systems  having  greater  reliability.  In  addition 
every  effort  must  be  made  to  give  the  helicopter  pilot  improved  protective  clothing,  seating,  controls, 
displays,  cockpit  vision  and  cabin  environment. 
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Fir  1 Hell'-opter  pilot  operating  a badly  positioned  radio 
during  "lap  of  the  Earth"  fli»dit. 
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FIG.  3 HEAD  AND  HAND  ACTIVITY  OF  WESSEX 
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FIG, 4 HEAD  AND  HAND  ACTIVITY  OF  SCOUT 
PILOT  IN  NORMAL  FLYING  CLOTHING  DURING 
'NAP  OF  THE  EARTH'  FLIGHT 
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FIG.5.  HEAD  AND  HAND  ACTIVITY  OF  SCOUT 
PILOT  WEARING  C.D.  CLOTHING 
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FIG.6.  HEAD  AND  HAND  ACTIVITY  OF  SCOUT 
PILOT  DURING  LOW  L^VEL  FLIGHT  WITH 
CD.  HOOD  REMOVED 
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Nap  of 
the  earth 


Pie  T Pictorial  rcpreaantation  of  Vap  of  the  Earth,  Contour  and  low-level  flight 


Pig  P VI ow  from  hollooptar  at  feat  above  the  ground,  ahowlng  the  Hatted  view  ahead 
blookad  bj  a wood. 
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Pi*  9 View  from  helicopter  at  ^00  feet  above  the  ground,  abowin*  eicellejit  vl8l,on  for 
navigation.  The  wood  from  the  previoua  figure  now  appeare  at  the  bottom  of  the 
picture. 
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DISCUSSION 


K.A.Kiinbul:  Contrary  to  your  opening  remarks,  I would  submit  that  you  have  made  an  excellent  first  step  in  assessing 
a significant  pri'blem  which  we,  at  the  Acromedical  Laboratory,  are  presently  concerned  with  that  of  the  stress 
induced  by  required  life  support  equipment  for  the  chemical  environment  for  helicopter  pilots.  I would  appreciate 
very  much  continued  information  exchange  with  your  organisation  on  these  matters. 

R.R. Simmons:  What  is  the  average  or  normal  airspeed  which  the  Nap.  of  the  Karth  profile  was  flown? 


E.J.Lovesey:  70-')0  knots  for  Nap  of  the  tarth,  with  perhaps  up  to  I 20  Kts  at  low  level  flights. 


R.G.ireland:  In  view  of  the  maximum  stress  and  strain  imposed  upon  a pilot  by  the  workload  demands  of  a Nap  of  the 
harth  mission  as  we  presently  see  it,  are  you  able  at  this  point  to  provide  the  mission  planner  with  an  upper  time  limit 
for  pilot  participation  m such  a mission,  beyond  wh'.:h  he  must  expect  a rapidly  deteriorating  probability  of  mission 
.success  or  mission  completion 


E.J.Lovesey:  We  are  unable  to  provide  such  a limit  in  the  present  state  of  our  knowledge;  however,  it  is  imperative  that 
investigation  effort  be  applied  to  determine  such  answers  as  soon  as  possible. 


THE  ASSESSMENT  OF  ROTARY  WING  AVIATOR  PRECISION 
PERFORMANCE  DURING  EXTENDED  HELICOPTER  FLIGHTS 


by 

Michael  A.  Lees,  Kent  A.  Kimball  & Lewis  W.  Stone 
US  Army  Aeromedical  Research  Laboratory 
Aviation  Psychology  Division 
Fort  Rucker,  Alabama  36362 


SUMMARY 

To  insure  the  most  effective  utilization  of  his  aviation  resources,  the  rotary  wing  flight  commander 
requires  information  which  describes  how  extended  flight  time  affects  the  operational  capability  of  his 
flight  crews.  In  response  to  this  requirement,  the  US  Army  Aeromedical  Research  Laboratory  has  conducted 
an  investigation  of  the  man-helicopter  system  performance  during  five  days  of  extended  flight.  The  current 
report  describes  the  changes  in  pilot  performance  and  aircraft  stability  on  one  of  the  maneuvers  performed 
during  the  large  scale  fatigue  investigation,  the  stabilized  three-foot  (.91  meter)  precision  hover.  In 
addition,  this  report  describes  changes  in  subjective  ratings  of  fatigue  and  flight  performance,  and 
changes  in  the  measurement  of  auditory  reaction  time. 

The  results  obtained  during  the  current  examination  strongly  suggest  the  occurrence  of  a learning 
effect  across  the  first  day  of  extended  flight.  The  most  stable  hover  performance  was  observed  during  the 
second  flight  day.  By  the  third  flight  day,  pilots  attempted  to  maintain  high  quality  precision  hovers 
through  an  increase  in  the  number  of  control  inputs.  Results  obtained  on  the  fourth  day  of  flight  suggest 
that  the  pilots  have  shifted  their  control  technique  from  active  control  of  the  helicopter  to  a more 
passive  strategy  of  responding  to  observed  error. 

Results  from  the  subjective  rating  scales  clearly  demonstrate  a progressive  increase  in  the  rated 
levels  of  fatigue  between  and  within  flight  days.  This  increase  in  the  level  of  fatigue  corresponds  to  a 
general  decrease  in  the  ratings  of  flight  performance. 

INTRODUCTION 

Today  in  the  United  States  Army's  helicopter  fleet,  there  is  major  emphasis  on  developing  the  capability 
to  perform  tactical  operations  over  an  extended  period  of  time.  One  area  of  concern  within  the  development 
of  this  tactical  staying  power,  is  the  lack  of  specific  information,  which  describes  the  effects  of  fatigue 
and  extended  flight,  upon  the  ability  of  the  aviator  to  complete  his  assigned  mission.  The  local  flight 
codT’ander  requires  an  accurate  and  timely  assessment  of  fatigue  effects,  and  the  establishment  of  basic 
flight  time  limitations,  to  insure  effective  management  of  his  aviation  resources.  However,  an  arbitrary 
policy  regulating  flight  time,  would  not  preclude  the  possibility  that  a pilot  could  be  unsafe  with  a 
fewer  number  of  flight  hours,  nor  would  it  provide  the  comnander  with  the  flexibility,  or  the  effective 
management  information  that  he  needs.  Thus,  what  the  flight  commander  requires  from  aviation  research  is 

information  which  describes  how  extended  flight  time,  and  duty  time,  affect  the  actual  operational  capability 
of  his  flight  crews.  Presently  the  local  comnander  has  virtually  no  solid  information  that  specifies  the 
effects  of  fatigue  on  the  rotary  wing  aviator's  performance. 

Previous  Investigations  have  examined  the  effects  of  fatigue  on  human  performance,'  but  very  little 
of  the  derived  Information  is  directly  applicable  in  effectively  determining  operational  limitations. 

Although  extensive  research  has  been  accomplished  in  examining  the  effects  of  fatigue  on  fixed  wing 
aviator  performance,  much  of  this  research  is  not  directly  relevant  to  fatigue  in  rotary  wing  aviation, 
because  of  the  substantial  difference  in  flight  envelopes,  and  aircrew  tasking  requirements.’*’ 

The  experimental  results  presented  in  this  report  were  obtained  from  a portion  of  the  data  acquired 
during  a large  scale  field  investigation  of  the  effects  of  fatigue  and  extended  flight  oi  rotary  wing 
flight  performance.  The  preliminary  results  of  this  major  investigation  were  presented  '.o  the  AGARD  panel 
meeting  in  Ankara,  Turkey  in  IBTS."  The  current  report  describes  changes  in  aviators'  piecision  hovering 
skills  during  the  extended  flight  operations.  This  examination  focused  on  changes  in  a1rcr»tt  stability 
and  pilot  control  performance  during  extended  flight. 

METHODS  AND  PROCEDURES 

Subjects  for  this  investigation  were  six  rotary  wing  aviators  in  excellent  health,  between  the  ages 
of  21  and  26.  All  pilots  had  recently  completed  the  United  States  Army's  Rotary  Wing  Flight  Training. 

Each  pilot  had  approximately  200  flight  hours  prior  to  his  participation  in  the  investigation. 

The  entire  investigation  was  conducted  at  the  US  Army  Aeromedical  Research  Laboratory's  field  facility, 
located  in  southeastern  Alabama. 

The  in-flight  portion  of  this  investigation  utilized  three  Army  helicopters.  One  of  these  was  the 
Aeromedical  Research  Laboratory's  JUH-IH  research  helicopter,  which  was  specially  modified  to  provide 
Information  to  the  Helicopter  In-Flight  Monitoring  System.  The  remaining  two  aircraft  were  standard  Army 
UH-1H  helicopters.  One  was  used  as  a primary  test  vehicle,  with  the  other  used  as  a reserve  test  vehicle, 
and  for  maintenance  of  airborne  systems. 

In-flight  performance  data  was  obtained  through  the  use  of  the  Helicopter  In-flight  Monitoring 
System  (HIMS).  This  research  tool  provides  for  the  real  time  acquisition  of  all  major  aircraft  motion,  and 
pilot  control  parameters.  HIMS  lAonltors  and  records  aircraft  movements  In  all  six  degrees  of  freedom  as 
well  as  all  pilot  control  movements  on  the  cyclic,  collective,  pedals,  and  the  throttle.  Measures  of 
rates  and  accelerations  along  each  axis  are  also  obtained. 
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testing  included  the  cardiovascular  monitoring  of  subjects,  routine  samplirra  of  both  Mood 
m»«ur  ^s^s-nent  of  auditor;  reaction  t e ^Object!ve 

MonitorinrSyste^"*^*  In-flight  system  performance  were  obtained  from  the  Helicopter  In-Flight 


which^«selsefthe%no?-s  ZrVTif°^  m*  Investigation,  subjective  ratings  were  obtained, 

f i<nhf  C fatigue  intensity,  his  mood,  and  his  overall  flight  performance  for  each 

flight  period.  Safety  pilots,  used  throughout  the  flight  testing,  also  evaluated  the  pilot ’s  individual 
maneuver  performance,  and  his  overall  flight  performance  for  each  flight  period  individual 

investigation  was  accomplished  during  three,  ten-day  periods  with  two  pilots 

initiation^/filnht®?‘^^f?*''  t'^^isPonted  to  the  test  facility  48  hours  before  the  * 

1°^  flight  testing.  This  time  period  was  used  to  obtain  baseline  data  on  the  physiological  and 
ochemical  measures,  and  to  permit  the  subjects  to  become  familiar  with  the  laboratory  tasks. 

biochmicar^and  Schedule  of  in-flight  performance  measurement;  physiological, 

? motor  measurement,  and  subjective  rating  was  conducted.  This  testing  schedule 

dpH^  wpri  ^ ItL  ^ one-half  days.  The  eighth,  ninth,  and  tenth  days  of  tie  Lst 

period  were  devoted  to  subject  recovery  and  acquiring  post-performance  data. 

The  schrtule  of  events  for  the  five  days  of  flight  testing  is  presented  in  Table  1 The  subierts 
flinhrnprw  continued  until  0100  hours  the  following  day.  Thirteen  50-minJte 

oXl^K  orslSIacr^night.''"'- 
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flight  periods,  each  subject  acted  as  the  primary  pilot  for  either  the  instrumented 

M^wvws  I u^^'n’Tabir?  **Ar*fhe  “**  Perfor^the 

I^l^i!  fin^  nul  h?'  «nd  of  fifty  minutes,  both  subjects  returned  to  the  landing  area, 

the  subjective  rating  scales,  and  then  rotated  to  the  other  helicopter  The  Initial 
assignwnt  of  either  the  research  helicopter,  or  the  standard  Army  helicopter  was  countertalanced  between 

ssr  Jr  k:* 

oaia,  ror  every  two  flight  hours.  During  all  flights,  the  pilots  were  accompanied  by  a safety  pilot. 
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aiGHT  PROriLE 
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Md  Mwtlwr 


I. 

3 ft.  Hovtr  • 1 Mlnutt 

|Neatured 

2. 

36(r  turn  • 1«ft  about  m»%t 

|Mettured 

3. 

360^  Ptdal  turn  • right  about  matt 

.Measured 

4. 

Slop*  - right  akld 

|Meatured 

5. 

Slop*  • Itft  ikid 

|Meatured 

6. 

Hovar  tail 

.Measured 

7. 

LaUral  hover 

8. 

36<r  Pedal  turn  • left  about  note 

9. 

360^  Pedal  turn  • right  about  note 

\0. 

360i  Pedal  turn  • left  about  pilot 

11. 

360°  Pedal  turn  - right  about  pilot 

12. 

360°  Pedal  turn  - left  about  tall 

13. 

360°  Pedal  turn  • right  about  tall 

14. 

Peanvard  hover 

Measured] 

Naralnal  Ueather 

IS. 

10  ft.  Hover  • 1 minute 

Measured^ 

16. 

2S  ft.  Hover  - 1 minute 

Measured 

17. 

SO  ft.  Hover  • 1 minute 

Measured 

18. 

Simulated  mai-grott  take  off 

Measured 

19. 

Traffic  pattern  300  ft.  AGL 

Measured 

Crosswind 

Measured 

Downwind 

Measured 

Base 

Measured 

final 

Measured 

20. 

Shallow  approach 

Measured 

Good  Heather 

21. 

Norwl  traffic  patttrn 

Measured) 

CrottMind 

Measured) 

bowwlnd 

Measured] 

Base 

Measured 

Final 

Measured 

22. 

Nomal  approach 

Measured) 

23. 

hax  perfominct  taka  off 

Measured 

24. 

low  Itvtl  flight 

Measured 

Heading 

Measured 

Altitude 

Measured 

Airspeed 

Measured 

25. 

Confined  area  landing 

Measured 

26. 

Max  perforaiance  take  off 

Measured 

Heading 

Measured 

Altltu^  Mintenance 

Measured 

Airspeed 

Measured 

27. 

Shallow  approach 

Measured 

IFR  (Hood) 

28. 

Standard  rate  cilwhing  turn  left  to  180° 

29. 

Maintain  straight  and  level  flight  IS  tec. 

30. 

Standard  rate  descending  turn  right  to  180° 

31. 

Ueceleratlon  to  40  knots 

32. 

Acceleration  to  90  knots 

The  maneuvers  listed  In  Table  2 were  selected  to  provide  realistic  flight  missions  that  could  be 
performed  over  a wide  range  of  weather  conditions.  Those  maneuvers  which  were  measured  to  assess  fatigue 
effects  on  In-flight  performance,  are  Identified. 

Measures  Selected  for  the  Current  Examination.  For  the  current  report,  only  a portion  of  the  Infor- 
ma tlorToEtrrH^S'TuFTng^tfiFniaTorn'atTguenrnvestT^t  Ion  was  examined.  This  report  describes  the  results 
obtained  from  analysis  of  the  man-helicopter  system  performance  on  the  stabilized  three  foot  (.91  meter) 
precision  hover  maneuver.  The  three-foot  precision  hover  was  the  first  measured  flight  maneuver  during 
each  of  the  50-m1nute  flight  profiles.  In  addition,  the  results  on  four  of  the  subjective  rating  scales, 
jnd  the  subject's  performance  on  the  auditory  reaction  time  task  were  also  examined  during  the  current 
Investlgatlcii. 

In-FI Ight  Measures.  Measures  of  man-helicopter  In-flight  system  performance  have  been  separated  Into 
two  genera lea  tegor 1 es : (1)  those  representing  pilot  control  Input,  and  (2)  those  which  measure  change 

In  the  helicopter's  primary  movement  axes. 

The  Information  used  to  develop  both  the  pilot  control  Input,  and  aircraft  status  measures  was 
obtained  through  the  use  of  the  HIMS.  At  each  50  millisecond  sample  period,  throughout  the  data  acquisition 
process,  the  location  of  each  aircraft  control  was  measured.  The  cyclic  stick,  which  controls  the  tilt  of 
the  rotor  plane,  was  measured  In  two  axes  - fore-aft  and  left-right.  Position  Information  was  also 
obtained  for  the  collective  control,  which  determines  the  pitch  of  the  main  rotor  system,  and  for  the 
antitorque  or  pedal  controls.  These  data  provided  the  basic  Information  for  the  derivation  of  values 
representing  average  control  position,  and  the  frequency,  magnitude,  and  rate  of  control  movement  Inputs. 
These  measures  were  then  used  to  determine  changes  In  the  pilot's  control  performance. 

Two  primary  parameters  of  the  pilot's  control  responses  were:  (1)  the  number  of  significant  control 
movements  he  produces,  and  (2)  the  number  of  occurrences  of  control  steady  state,  that  condition  where  no 
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Significant  control  movements  are  being  produced.  These  parameters  were  developed  using  the  limits 
specified  In  Table  3.  Other  major  parameters  were,  the  number  of  control  reversals,  and  the  percentage 
of  time  the  pilot  spends  In  control  movement. 

TABLE  3 

CONTWH  LIMITS  FW  DETEAHINING  CONTROL  MOVEMENT 
AMO  CONTROL  STEADY  STATE  CONDITIONS 


Cyclic  fore/Aft 

Cyclic  Left/fildHt 

CoUectlvc 

Aedili 

Tint  duritlon  roqulrtd  for  control 
itBBdy  itBtf  (In  teconds) 

.25 

.25 

.25 

25 

Control  M}vc<n«nt  llnltl  (nlnlmum 
rbtf  vb1w«  In  Incites) 

.075 

.075 

.075 

.075 

For  this  particular  Investigation,  several  additional  parameters  of  the  pilot's  control  responses 
were  developed.  Using  the  procedure  as  outlined  by  Harper  and  Sardanowsky,*  position  data  for  each 
control  channel  was  entered  Into  a fast  fourier  transform.  This  procedure  developed  an  Index  of  the 
characteristic  frequency  (In  hertz)  of  the  pilots'  control  Inputs.  Two  measures  were  selected  from  this 
transformation  for  further  use.  They  were  (1)  the  mode  frequency,  or  that  frequency  where  the  maximum 
power  was  measured,  and  (2)  the  cut-off  frequency,  or  that  frequency  where  95t  of  the  power  was  applied  at 
a lower  frequency,  and  5*  was  applied  at  a higher  frequency. 

The  28  variables,  presented  In  Table  4,  were  determined  to  be  the  most  relevant  In  determining  the 
effects  of  fatigue  on  pilot  control  performance.  These  variables  represent  seven  major  parameters  on  each 
of  the  aviator's  primary  control  channels. 


TAALI  • 

rilOT  CONTftOl  INPUT  VARIABlES 


I.  CircMc  Fort/Aft  Control  ItbtoluU  Control  Novepent  iti^nltuOf 
2 Cyclic  For«/Aft  Control  Aocoluto  Control  Movopont  No^nltoOt  - Stondtrd  Otvidtion 

i.  Cyclic  Fort/ftft  Control  Nodo  IroQuoncy 
4.  Cyclic  lor*/Afi  Control  Cutoff  froowoncy 
i Cyclic  lore/Aft  Control  ^rctnt  of  !<■*  In  Control  Novownt 
Cyclic  Foro/Jtft  Control  Ntf^r  of  Control  itovtPtnts  Por  Stcond 

T-  Cyclic  Forf/Aft  Control  NLAfcnr  of  Control  AoversaU  P»r  Socond 

B.  Cyclic  Ivft/BI^M  Control  Absolut*  Control  'tovoamt  it*«nUud*  • MoAn 

9 Cyclic  l*ft/ili9nt  Control  Absolut*  Control  Wovgwynt  Kiijnitud*  • $tand«rd  Otvlition 

10.  Cyclic  Kft/’Aiflfvl  Control  I^aO*  Fr*9u*ncy 
H.  Cyclic  Ltft/bignt  Control  Cutoff  Fr*og*n<y 
12  Cyclic  L*fl/ll9ht  Control  P*rc*nt  Of  Tint  in  Control  No«*P*nt 
I).  Cyclic  C*ft/Ai9nt  Control  NA««i*r  of  Control  i%>v««»ntt  Per  Second 

14  Cyclic  ieft/ei9ht  Control  iMdt*r  of  Control  Rc«ers«lt  Per  Second 

15  Collective  Control  Absolute  Control  lAovopent  Nafnltude  - Neen 

lb  Collective  Control  Absolute  Control  Novenent  ito^nitude  - Stendord  Oeviotlon 

W loHectiv*  Control  >%)d*  Freouencv 

IB  Collective  Control  Cutoff  froouency 

19.  Collective  Control  P*rc*ni  of  Tie*  In  Control  %»*«*nt 

20  Collective  Control  N«n**r  of  Control  itevopenis  Per  Second 

21  Collective  Centro!  t-j^or  of  Control  Reversals  Per  Second 

Pedal  Coetrol  Absolute  Control  Weviaant  Magnitude  - Mean 

Pedal  Control  Absolut*  Control  NovMent  Magnitude  - Standard  Deviation 
24  Pedal  Control  %>de  frequency 

2S.  Pedal  Control  Cutoff  frequency 

2C.  Pedal  Control  Percent  of  Tio*  in  Control  Itoveavnt 

22  Pedal  Control  iiuRtier  of  Control  iteve— nts  Per  Second 

2i  Pedal  Control  Nuater  of  Control  Reversals  Per  Second 


Parameters  utilized  In  this  Investigation  to  describe  changes  In  the  aircraft's  stability  were 
derived  from  measured  changes  In  the  pitch,  roll  and  yaw  axis.  These  data  provided  the  basis  for  developing 
appropriate  measures  of  aircraft  stability  and  error  during  the  maintenance  of  a controlled  hover  platform. 
Deviations  from  experimentally  defined  constants,  and  the  rate  of  change  In  each  axis  were  also  measured. 

The  variables  presented  In  Table  5,  were  selected  as  most  relevant  for  describing  changes  In  aircraft 
hover  stability. 


I 
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TABLE  S 

AIRCRAFT  ATTITUDE  STATUS  VARIBLCS 
SELECTED  TO  NEASURE  AIRCRAFT  STABILITY 


}.  Pitch  SUr>d«rd  Deviation 

2.  Roll  Standard  Deviation 

3.  Heading  Standard  Deviation 

4.  Heading  Average  Constant  Error  From  Initial  Heading 

5.  Rol 1 Rate  Mean 

6.  Roll  Rate  Standard  Deviation 

7.  Pitch  Rate  Mean 

6.  Pitch  Rate  Standard  Deviation 


Subjective  Measures.  Four  subjective  rating  scales  were  examined  during  this  investigation.  Ratings 
of  the  subjects'  overall  flight  performance,  for  each  flight  period,  were  obtained  from  both  the  subjects 
and  the  safety  pilots,  using  a questionnaire  modeled  after  the  Cooper-Harper  rating  scale  as  discussed  by 
Helms.*  In  addition,  each  subject  rated  his  overall  flight  performance  and  fatigue  intensity,  by  placing 
a mark  on  a line  of  standard  length,  a scoring  technique  effectively  used  by  Hartman.’ 

Perceptual-Motor  Measures.  During  in-flight  testing,  subjects  received  one  hundred  trials  on  an 
auditory  reaction  time  task,  three  times  daily.  The  means  and  standard  deviation  of  the  reaction  time 
latencies  were  examined  across  flight  days. 

Ay  lysis.  The  experimental  design,  for  the  present  examination  of  the  precision  hover,  Divided  the 
first  four  complete  flight  days  into  three  time  blocks  per  day.  Each  time  block  contained  data  from 
approximately  four  hours  of  flight  which  occurred  either  in  the  morning,  afternoon,  or  evening  of  each 
flight  day.  In  this  manner,  changes  in  performance  across  flight  days,  and  within  flight  days,  were 
addressed. 

The  primary  analysis  technique  used  throughout  this  investigation,  was  the  multivariate  analysis  of 
variance.  This  technique  provides  for  the  simultaneous  consideration  of  all  dependent  variables  during 
significance  testing.  The  multivariate  analysis  of  variance  also  provides  an  indication  of  how  many 
orthogonal,  or  unrelated,  dimensions  of  performance  are  present  in  the  dependent  variables,  and  shows  the 
relative  contribution  of  each  dependent  variable,  to  each  of  these  dimensions.  This  technique  also 
provides  an  index  of  the  relative  position  of  each  treatment  group  along  significant  dimensions  of  per- 
formance. 

The  28  pilot  control  variables  and  the  eight  aircraft  stability  variables  were  examined  using  a three 
factor  multivariate  analysis  of  variance.  The  three  factors  were:  (1)  fatigue  effects  across  flight 
days,  (2)  fatigue  effects  within  the  flight  days,  and  (3)  the  effect  due  to  intersubject  variability.  To 
acconmodate  for  the  repeated  measures  structure  of  the  in-flight  data,  the  intersubject  variability  was 
pooled  with  the  normal  error  term  for  testing  each  of  the  main  effects  and  their  Interaction.  The  five 
covariates  found  in  Table  6,  were  also  Included  in  the  multivariate  analysis  of  pilot  control  and  aircraft 
stability  variables,  to  adjust  for  error  contributed  by  the  environmental  and  field  Investigation  effects. 


TABLE  6 

COVARIATES  USED  TO  ADJUST 
FOB  ENVIRONMENTAL  AND  FIELD  EXPERIMENTAL  EFFECTS 


1.  0«11y  Mdn«uver  Sequence  Nunber 

2.  Wind  Speed  (Knots) 

3.  Gust  Speed  (Knots) 

4.  Minutes  of  fuel  Burned  Before  The  Stert  Of  The  Maneuver 

5.  Crosswind  (Absolute  Difference  Between  Avertqe  Heeding  and  Wind  Direction) 


The  variables  examined  in  determining  significant  changes  in  the  subjective  ratings  and  the  auditory 
reaction  time  task  were  also  analyzed  using  a similar  three  factor  multivariate  analysis. 


RESULTS  AND  DISCUSSION 


The  results  of  the  analysis  on  pilot  control  variables  are  found  In  Table  7.  It  can  be  noted  that 
there  were  significant  differences  across  flight  days  and  within  the  days  of  flight.  Also,  the  Interaction 
of  days,  and  time  of  day,  was  not  significant.  This  demonstrates  that  the  effect  of  fatigue  and  extended 
flight,  on  pilot  control,  was  consistent  throughout  the  days  of  In-flight  testing.  The  regressions 
(Table  7)  of  the  covariates  on  each  main  effect,  and  their  Interactions,  were  also  significant.  These 
significant  regressions  demonstrated  that  knowledge  of  how  many  previous  flights  had  been  accomplished  and 
knowledge  of  the  prevailing  wind  conditions,  was  effective  In  predicting  changes  In  pilot  control  variables. 
The  error  In  obtained  measures,  that  was  accounted  for  by  the  five  covariates,  was  then  extracted.  The 
remaining  variability  In  pilot  control  variables  could  then  be  attributed  to  fatigue. 

IWll  7 

MlllTlURlAIt  »NAl*SIS  OF  VARIANCI  '.UWWRF 
PIIOI  COHIRfll  XASURIS 


F Retlo 

Neen  Squeres 
Tested 

Degrees  of 
Freedom  for 
Hypothesis 

Degrees  of 
Freedom  for 
Error 

P Less 
Then 

Root* 

0«y  effect  Adjusted  for 
five  cov«ri*tes 

1.J80 

D/OS  ♦ MC 

184.00 

117.561 

.053 

1 

Tine  of  dey  effect  Ad- 
justed for  five  covArlAtes 

1.S87 

T/TS  ♦ WC 

S6.00 

68.00 

.036 

1 

Dey  S time  of  dAy  Interectlon 
Adjusted  for  five  coverlAtes 

1.160 

DT/DTS  ♦ k*C 

168.00 

326.963 

.130 

1 

degression  of  coverlAtes  on 
pooled  dAy  K subject  Inter- 
Action  1 within  cells  error 
(DS  * UC) 

1.841 

1.4J0 

Regression/ 
Residue!  Error 

140.00 

106.00 

197.693 

169.48 

.001 

.020 

1 

2 

degression  of  covArlAtes  on 
pooled  time  of  dey  1 subject 
intcreetton  i within  cells 
erro»'  (TS  ♦ UC) 

1.704 

1.390 

Regression/ 
Residuel  Error 

140.00 

108.00 

172.909 

139.622 

.001 

.034 

1 

2 

degression  of  coverietes  on 
pooled  dey  t tine  of  dey  X 
subject  interection  1 within 
cells  error  (pTS  ♦ WC) 

1.736 

1.416 

Regression/ 
ResiduAl  Error 

140.00 

108.0 

271.647 

219.064 

.001 

.016 

1 

2 

*Ont/  roots  Hith  significant  rc'ults  are  presented. 


The  variables  that  contributed  most  to  the  overall  discrimination  between  flight  days  (Table  8)  were 
Identified  on  the  basis  of  their  standardized  discriminant  function  coefficient.  From  these  data,  it  was 
determined  that  this  between  flight  days  performance  dimension  represented  a continuum  describing  the 
quantity  of  control  Inputs.  Thus,  high  values  on  this  discriminant  dimension,  were  associated  with  a 
relatively  high  number  of  control  movement  Inputs. 


TABLE  8 

PRIMARY  VARIABLES  MEASURING  CHANGES 
IN  PILOT  CONTROL  ACROSS  FLIGHT  OAYS 


Standard  Discriminant 
Pilot  Control  Variable  Function  Coefficients 


I. 

Collective  control  percent  of  total 
tine  In  control  movement 

-1.554 

2. 

Collective  control  number  of  control 
movements  per  second 

1,454 

3. 

Pedal  control  number  of  control  reversals 
per  second 

1.366 

4. 

Cyclic  left/right  control  percent  of 
total  time  in  control  movement 

1.172 

5. 

Collective  control  cutoff  frequency 

1.044 

6. 

Cyclic  left/rigbt  control  number  of  control 
reversals  per  second 

- .959 

f. 

Cyclic  fore/aft  control  cutoff  frequency 

- .865 

a. 

Cyclic  left/right  control  absolute  control 
movement  magnitude  - Mean 

.863 

9. 

Pedal  control  absolute  control  movement 
magnitude  - Mean 

- .795 

The  relative  level  of  each  days  flights  along  the  dimension  of  control  movement  Inputs  Is  shown  In 
Figure  1.  These  discriminant  score  contrast  values  Indicate  that  during  the  first  flight  day,  pilots 
produced  the  largest  quantity  of  control  Inputs.  By  the  second  flight  day,  pilots  showed  a substantial 
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decrease  In  control  Inputs.  On  the  third  day,  pilots  again  demonstrated  increased  control  movement,  but 
on  the  fourth  day  of  flight,  pilots  produced  the  lowest  quantity  of  control  movement  inputs. 


FIGURE  1.  PERFORMANCE  DIMENSION  I - BETWEEN 

FLIGHT  DAYS.  OCCURRENCE  OF  PILOT  CONTROL 
MOVEMENT  INPUTS) 


When  the  changes  in  pilot  control  inputs,  between  the  daily  flight  periods  were  examined;  the  variables 
anted  in  Table  9 were  identified  as  the  major  contributors  to  changes  between  the  morning,  afternoon 
U..V.  evening  flights.  The  dimension  of  performance,  within  flight  days,  interpreted  from  these  variables, 
was  substantially  different  from  that  found  between  the  days  of  flight.  High  values  on  the  within  days 
performance  dimension,  represented  slow,  irregular  use  of  collective  and  pedal  controls,  increased  lateral 
cyclic  movement,  and  irregular  fore-aft  cyclic  inputs.  A high  score  on  this  dimension  was  interpreted  as 
representing  flights  where  there  was  a relatively  high  level  of  measured  control  input,  but  that  the 
control  input  was  not  appropriate  to  maintaining  a stable  precision  hover.  Thus,  the  increase  in  control 
movement  is  associate  with  a corresponding  decrease  in  control  quality. 

TABLE  9 

PRIMARY  VARIABLES  MEASURING  CHANGE  IN  PILOT  CONTROL 
BETWEEN  THE  FLIGHT  PERIODS  WITHIN  FLIGHT  DAYS 


Standardized  Discriminant 

tiorkload  Variable  Function  Coefficient 


1. 

Pedal  control  number  of  control 
movements  per  second 

-2.362 

2. 

Pedal  control  absolute  control  movement 
magnitude  • Mean 

-2.325 

3. 

Cyclic  left/right  control  absolute  control 
movement  magnitude  > Mean 

♦2.218 

4. 

Pedal  control  percentage  of  total  time  In 
control  movement 

♦2.1A0 

5. 

Collective  control  absolute  control  movement 
magnitude  - Standard  Deviation 

♦1.964 

6. 

Pedal  control  mode  frequency 

-1.727 

7. 

Cyclic  left/right  control  absolute  control 
movement  magnitude  > Standard  Deviation 

-1.591 

8. 

Collective  control  absolute  control  movement 
magnitude  * Mean 

-1.290 

9. 

Collective  control  percentage  of  time  In 
control  movement 

-1.274 

10. 

Cyclic  fore/aft  control  absolute  control 
movement  magnitude  • Standard  Deviation 

♦1,026 
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The  relative  position  of  the  morning,  afternoon  and  evening  flight  periods,  along  the  within  day 
performance  dimension,  are  presented  in  Figure  2.  It  can  be  noted  from  this  Illustration  that  there  was 
a progressive  increase  in  the  quantity  of  control  inputs  from  the  morning  to  the  evening  flights.  Since 
the  control  inputs  did  not  contribute  to  improved  maintenance  of  a stable  hover,  the  increase  in  the 
quantity  of  control  Inputs  shown  in  Figure  2,  also  represents  a gradual  decrease  in  the  quality  and 
effectiveness  of  those  control  inputs,  throughout  the  flight  day. 
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FIGURE  2.  PERFORMANCE  DIMENSION  I - BETWEEN  DAILY 
FLIGHT  PERIODS.  (LEVEL  OF  CONTROL  QUALITY 
AND  QUANTITY  OF  CONTROL  MOVEMENT  INPUT) 
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The  analyses  of  the  pilot  control  variables  have  identified  several  noteworthy  changes  in  the  level 
of  pilot  control  input  across  the  four  days  of  flight.  Examination  of  the  daily  level  of  control  inputs 
(Figure  1)  illustrates  that  there  was  a substantial  decrease  in  the  quantity  of  control  inputs  on  the 
second  flight  day.  This  decrease  in  control  input  for  the  second  flight  day  corresponded  to  high  control 
quality  and  followed  a learning  trend  over  the  first  flight  day.  By  the  third  flight  day,  the  pilots 
demonstrated  an  increase  in  control  inputs,  as  compared  to  day  2.  The  increase  in  control  movement  was 
apparently  introduced  in  response  to  the  increased  fatigue  brought  on  by  48  hours  of  extensive  flight 
requirements.  On  the  fourth  flight  day,  the  pilots  dramatically  decreased  the  amount  of  control  movement 
input.  However,  further  analysis  has  demonstrated  that  this  decrease  in  control  movement  did  not  reflect 
improvement  in  hover  maintenance,  as  observed  in  the  second  day;  but  rather,  it  demonstrated  a substantial 
decrease  in  control  quality  brought  on  by  the  fatigue  effects  which  accumulated  over  three  days  of  extended 
flight. 

The  consistent  increase  in  control  quantity  and  decrease  in  control  quality  seen  within  the  flight 
days  (Figure  2),  is  particularly  noteworthy,  considering  the  substantial  changes  in  the  daily  control 
input  levels  observed  across  the  four  flight  days. 

Aircraft  Stability  Measures.  The  results  of  the  multivariate  analysis  of  variance  on  the  aircraft 
stability  variables  are  presented  in  Table  10.  Both  the  flight  day,  and  within  flight  days,  main  effects, 
as  well  as  their  interaction  were  significant.  Adjustment  for  environmental  and  experimental  effects, 
through  the  use  of  covariates,  was  again  effective  as  demonstrated  by  the  significant  regressions. 
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TABLE  10 

MULTIVARIATE  ANALYSIS  OF  VARIANCE  SLMMRV 
AIRCRAFT  ATTITUDE  STATUS  MEASURES 


Degrees  of  Ctegrees  of 


F Ratio 

Mean  Squares 
Tested 

Freedom  for 
Hypothesis 

Freedom  for 
Error 

P Less 
Than 

Root* 

0«y  effect  adjusted  for 

2.676 

O/OS  * WC 

24.00 

165.919 

.001 

1 

five  covarlites 

1.866 

14.00 

115.000 

.037 

2 

Tine  of  day  effect  ad- 

3.5SS 

T/TS  ♦ WC 

16.00 

104.00 

.001 

1 

Justed  for  five  covariates 

4.040 

7.00 

52.50 

.001 

2 

Test  of  day  X time  of  day 

interaction  adjusted  for 

1.744 

DT/DTS  ♦ WC 

46.00 

358.333 

.003 

1 

five  covariates 

1.293 

35.00 

319.135 

.131 

2 

Regression  of  five  co- 
varlatcs  on  pooled  day 

X subject  Interaction  & 

2.519 

Regression/ 

40.00 

251.252 

.001 

1 

within  cell*  error  (OS  * WC) 

1.739 

Residual  Error 

28.00 

213.801 

.016 

2 

Regression  of  five  covariates 
on  pooled  tine  of  day  X sub- 
ject Interaction  1 within 

2.071 

Regression/ 

40.00 

229.457 

.001 

1 

cells  error  (TS  ♦ NC) 

1.484 

Residual  Error 

28.00 

195.362 

.065 

2 

Regression  of  five  co- 

variates  on  pooled  day  X time 

2.480 

Regression/ 

40.00 

316.635 

.001 

1 

of  day  X subject  Interaction 

2.004 

Residual  Error 

26.00 

269.118 

.003 

2 

& within  cells  error  (DTS  * WC) 

1.823 

18.00 

212.423 

.024 

3 

*0nly  roots  with  significant  results  ere  presented. 


The  presence  of  a significant  Interaction  between  the  day  and  time  of  day  main  effects,  indicates 
that  changes  in  aircraft  stability  were  not  consistent  across  the  days  of  flight  testing.  Thus,  this 
interaction  was  examined  to  determine  what  changes  in  aircraft  stability  did  occur.  Subsequent  analysis 
identified  two  important  dimensions  of  aircraft  stability.  Those  variables  which  were  major  contributors 
to  the  observed  differences  between  and  within  flight  days,  are  presented  in  Table  11.  The  high  discriminant 
scores  on  the  first  dimension  of  aircraft  stability,  were  interpreted  to  represent  erratic  or  relatively 
uncontrolled  changes  in  the  pitch  and  roll  axis,  or  a relatively  unstable  hover  platform.  High  discriminant 
scores  on  the  second  dimension  of  aircraft  stability  were  interpreted  to  correspond  to  Increases  in  the 
gross  or  observable  error,  measured  for  the  pitch,  roll  and  yaw  axis. 

TABLE  11 

PRIMARY  VARIABLES  MEASURING  CHANGE  IN  AIRCRAFT  ATTITUDE 
STATUS  BETWEEN  AND  WITHIN  FLIGHT  DAYS 


Standardized  Discriminant 

Aircraft  Status  Variable  Function  Coefficients 

1.  1st  discriminant  function  (Root  I) 


a. 

Roll  rote  - Stendard  Deviation 

-1 .299 

b. 

Roll  axis  - Standard  Deviation 

.965 

c. 

Pitch  rate  - Standard  Deviation 

.673 

2nd 

a. 

discriminant  function  (Root  11) 

Roll  axis  • Standard  Deviation 

1.068 

b. 

Heading  - Standard  Deviation 

.687 

c. 

Pitch  Rate  > Mean 

.445 

d. 

Pitch  rate  ^ Standard  Deviation 

.441 

The  relative  levels  of  stability  for  each  flight  day,  and  time  period  on  both  dimensions  are  presented 
in  Figure  3.  The  discriminant  scores  contrast  values  indicated  that  the  precision  hover  platform  was 
most  stable  on  the  morning  of  the  second  flight  day.  However,  by  the  evening  of  the  second  flight  day  a 
relatively  high  degree  of  erratic  motion  was  observed.  During  the  third  day,  the  morning  flights  showed 
a slight  improvement  in  aircraft  stability  from  the  previous  evening.  The  afternoon  flights  on  the  third 
day  showed  a substantial  increase  in  stability  over  the  morning  flights,  followed  by  a slight  decrease  In 
stability  for  the  evening  period.  This  trend  of  stability  shown  on  the  third  day,  was  not  demonstrated  on 
the  fourth  day  of  flight.  For  the  fourth  day,  there  was  again  an  Increase  in  aircraft  stability  for  the 
afternoon  period.  By  evening,  the  precision  hover  had  become  more  unstable  than  the  morning  flights,  in 
contrast  to  the  third  day  where  evening  flights  were  more  stable  than  morning  flights. 

The  values  on  the  second  dimension  of  aircraft  stability  (gross  or  observable  error),  as  presented  in 
Figure  3,  follow  a trend  similar  to  the  hover  instability  dimension,  except  during  the  second  flight  day. 
During  this  day,  an  increase  In  hover  instability,  shown  during  the  afternoon,  is  accompanied  by  a decrease 
in  gross  error.  By  the  evening  of  the  second  day,  the  two  aircraft  stability  dimensions  again  present 
similar  patterns  of  change. 

The  analyses  of  the  aircraft  stability  variables  clearly  demonstrate  that  there  was  an  observable 
learning  effect  across  the  first  flight  day,  resulting  in  the  most  stable  hover  on  the  morning  of  the 
second  flight  day.  It  is  Interesting  to  note  (Figure  3)  that  the  second  flight  day  produced  both  the  most 
stable  and  the  least  stable  hover  conditions.  The  results  of  the  hover  stability  analyses  have  indicated 
that  the  rest  period  during  the  evening  of  the  second  flight  day  was  only  marginally  effective  in  increasing 
the  hover  stability  during  morning  flights  on  the  third  day.  The  afternoon  period  of  the  third  flight  day 
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DAY  1 DAY  2 DAY  3 DAY  4 


FIGURE  3.  AIRCRAFT  STABILITY  DIMENSIONS  qJqSS  ERROlf"’'^^ 


produced  a substantial  Increase  in  aircraft  stability  over  the  morning  flights  and  demonstrated  the  highest 
level  of  observed  stability  for  flights  from  the  afternoon  of  the  second  day  until  the  end  of  the  fourth 
day. 


The  results  of  the  pilot  control  and  aircraft  stability  measures  strongly  suggest  that  there  was  a 
transition  of  the  man-hel icopter  system  performance  after  approximately  30-48  hours  of  extended  flight 
requirements.  During  the  second  flight  day,  the  aircraft's  hover  stability  falls  from  the  highest  observed 
level  in  the  morning  to  the  lowest  observed  level  in  the  evening.  In  a partially  successful  effort  to  re- 
establish high  quality  in  the  precision  hover,  the  pilots  increased  the  quantity  of  control  inputs  on  the 
third  day.  By  the  fourth  flight  day,  pilots  appeared  to  abandon  attempts  to  maintain  hover  quality  through 
increased  control  movement.  The  sharp  decrease  in  the  level  of  control  inputs  observed  on  the  fourth 
flight  day  was  accompanied  by  relatively  unstable  hover  performance  and  relatively  high  levels  of  observable 
error. 

Subjective  Measures  and  laboratory  Measures.  In  addition  to  the  in-flight  measures  of  pilot  and 
aircraft  performance,  the  current  investigation  also  examined  the  subjective  ratings  of  the  pilot's 
fatigue  and  performance,  and  the  perceptual -motor  performance  on  the  auditory  reaction  time  task. 

The  results  of  the  multivariate  analysis  of  four  subjective  rating  scales  are  found  in  Table  12.  It 
is  evident  that  there  were  significant  differences  between,  and  within  flight  days,  on  the  subjective 
ratings  of  fatigue  Intensity  and  nvcri'l  flight  performance.  These  results  (Table  12)  also  demonstrate 
I that  there  was  no  significant  Interaction  of  the  fatigue  effects,  or  that  the  subject  ratings  were  consistent 

between  and  within  flight  days. 
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HUlTIVMIATt  ANALYSIS  OF  VARIANCI  SUHNART 
SmJtCIlVl  RATING  NlASURfS  Of  FATIGUL  AND  FlIGtlT  PERFORIWNtI 
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For  the  subjective  ratings,  there  was  only  one  significant  dimension  of  change  across  flight  days. 
The  standardized  discriminant  function  coefficients  for  each  rating  scale  (Table  13)  demonstrate  that  the 
rated  level  of  the  subjects'  fatigue  was  the  major  contributor  to  the  differences  observed  between  flight 
days.  For  subjective  ratings  between  dally  flight  periods,  there  were  two  dimensions  of  difference 
(Table  13).  On  the  first  dimension,  a high  discr<m1nant  score  represents  a high  rating  of  fatigue  and  a 
low  rating  of  performance.  On  the  second  dimension  of  change  between  dally  flight  periods,  a high 
discriminant  score  represented  a situation  where  the  pilot  rated  himself  as  being  low  In  fatigue  with  a 
correspondingly  high  rating  on  one  scale  of  overall  performance.  The  safety  pilot,  on  the  other  hand, 
provided  a lower  rating  of  the  pilot's  overall  performance. 

TABLE  13 

VABIABLIS  HCASUUING  CHANGIS  IN  SUBJECTIVE  <!ATINGS 
UN  EATIGUE  AND  FLIGHT  PEBFORMANCE 


Variables 

Standardized  Discriminant 
Function  Coefficients 

Hoot  I 

«. 

Fatigue  intensity  • subject  rated  line  scale 

1.064 

b. 

Overall  flight  perfomance  • subject  rated  line  scale 

.015 

c- 

Flight  performance  - safety  pilot  rated  • Cooper ’Harper  scale 

.055 

d 

Flight  performance  • subject  rated  • Cooper ’Harper  scale 

.267 

2.  Cb«n9vs  Between  Flight  Periods 

Root  1 

Root  11 

a. 

Fatigue  intensity  • subject  rated  line  scale 

.5M 

-.644 

b. 

Overall  flight  performance  - subject  rated  line  scale 

-.041 

.462 

c. 

Flight  performance  • safety  pilot  rated  • Cooper’Harper  scale 

.183 

••824 

d. 

Flight  performance  - subject  rated  - Cooper-Harper  scale 

-.728 

-.580 

The  discriminant  score  contrasts  presented  In  Figure  4 clearly  Illustrate  a progressive  increase  in 
the  subjects'  fatigue  Intensity  rating  across  flight  days.  The  contrasts  between  the  dally  flight  periods 


FIGURE  4.  SUBJECTIVE  RATING  DIMENSION  I 
INTENSITY  BETWEEN  FLIGHT  DAYS 


FATIGUE 
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on  the  first  dimension  {Figure  5),  demonstrate  that  the  rating  of  fatigue  Increases  throughout  the  day, 
as  the  rating  of  performance  decreases. 


FIGURE  5.  SUBJECT  RATING  DIMENSIONS  WITHIN 
FLIGHT  DAYS.  DIMENSION  I . FATIGUE/PERFORMANCE 

Thus,  the  subjective  rating  scales  havi  provided  a straightforward  assessment  of  the  relationship 
between  extended  flight  requirements,  performance,  and  fatigue.  Subjects  rated  themselves  as  Increasing 
In  fatigue  with  each  successive  flight  day,  with  a dally  increase  In  fatigue  from  morning  to  evening. 
Over  the  four  flight  days  an  Increase  In  fatigue  rating  was  accompanied  by  a decrease  In  the  performance 
quality  rating. 

Results  obtained  from  the  auditory  reaction  time  task  were  analyzed  to  determine  changes  across 
flight  days  and  between  the  dally  flight  periods.  Neither  the  multivariate  analysis  of  the  response 
latency  means  and  standard  deviations  (Table  14),  nor  the  univariate  tests  of  these  two  variables  were 
significant. 
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CONCLUSIONS 


On  the  basis  of  the  results  obtained  from  this  examination  of  the  man-helicopter  system  performance, 
several  conclusions  regarding  the  performance  of  the  aviator  and  the  aircraft,  during  the  precision  hover 
maneuver,  have  been  developed. 

This  Investigation  has  clearly  demonstrated  that  there  are  changes  In  the  man-helicopter  system 
performance  during  extended  flight  conditions.  Additionally,  It  has  been  shown  that  the  complex  skill 
required  In  flying  a helicopter  was  not  degraded  merely  as  a function  of  extended  flight  time.  However, 

It  should  be  noted  these  are  not  new  or  even  remarkable  findings.  The  most  interesting  aspects  related 
to  the  effect  of  fatigue  on  the  man-helicopter  system,  were  the  shifts,  or  transitions.  In  the  aviator's 
control  performance  observed  across  the  four  days  of  flight. 

Examination  of  control  Input  performance  and  aircraft  stability  strongly  suggests  a learning  effect 
across  the  first  day.  The  highest  level  of  aircraft  hover  stability  was  demonstrated  on  the  morning  of 
the  second  flight  day,  even  though  the  overall  quantity  of  pilot  control  Inputs  had  decreased  from  the 
level  previously  observed  during  the  first  day's  flights. 

Between  the  dally  flight  periods,  a gradual  and  consistent  Increase  In  the  number  of  control  Inputs 
was  observed.  However,  even  as  early  as  the  end  of  the  second  flight  day.  It  was  evident  that  this 
general  Increase  In  control  Inputs  was  progressively  less  effective  In  maintaining  a stable  hover  condition. 
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The  aircraft  stability  observed  on  the  morning  of  the  third  day  was  degraded  from  that  seen  during 
the  previous  evening.  The  overall  number  of  control  Inputs  for  the  third  day  Increased  substantially  from 
the  level  observed  during  the  second  day.  This  Increase  In  control  Inputs,  while  effective  In  providing  a 
stable  hover  for  the  afternoon  flights,  became  considerably  less  effective  by  the  evening  of  the  third 
day. 

In  the  morning  flight  period  of  the  fourth  day,  there  was  a marked  decrease  In  hover  stability  as 
compared  to  the  previous  evening.  During  the  afternoon,  the  hover  stability  again  improved  from  the 
morning  rllghts,  but  by  evening,  precision  hover  stability  had  fallen  far  below  that  seen  on  the  previous 
evening.  Thus,  this  assessment  of  the  precision  hover  maneuver  appears  to  have  Identified  a situation 
where  the  pilot  shifted  his  control  performance  strategy  from  active  control  of  the  helicopter,  through 
the  introduction  of  a high  level  of  control  Inputs  for  the  third  day,  to  a more  passive  strategy  of  merely 
responding  to  gross  changes  In  the  aircraft's  attitude  and  position  on  the  fourth  day. 

In  sutimary,  the  analysis  and  subsequent  Interpretation  of  these  data  from  four  days  of  extended 
flight,  strongly  suggest  a measurable  learning  effect  over  the  first  24  hours,  represented  by  a high 
degree  of  hover  stability  and  a relatively  low  occurrence  of  control  movement  Input  on  the  morning  of  the 
second  flight  day.  In  response  to  fatigue  Introduced  by  48  hours  of  extended  flight,  pilots  attempted  to 
maintain  hover  stability  by  increasing  the  quantity  of  control  movement  inputs.  After  72  hours  of  extended 
flight,  pilots  shifted  their  strategy  from  aggressive  control  of  the  helicopter  to  a more  passive  strategy 
of  responding  to  observed  error  in  attitude  and  position. 

In  conclusion.  It  must  be  pointed  out  that  the  precision  hover  is  only  one  of  several  types  of 
maneuvers  measured  during  the  major  fatigue  investigation.  As  analyses  and  subsequent  Interpretation  of 
the  other  flight  maneuvers  are  accomplished,  it  Is  expected  that  a more  complete  understanding  of  the 
effects  of  extended  flight,  and  fatigue,  on  the  man-helicopter  system,  will  be  developed. 

DISCLAIMER 

The  findings  In  this  report  are  not  to  be  considered  as  an  official  Department  of  the  Army  position 
unless  so  designated  by  other  authorized  documents. 
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RESUME 

Lea  enraglstraiaants  an  vol  da  la  frequence  cardlaque  at  de  la  varlablllte  du  rythne 
cardlaque  aont  affectuee  chaz  k pllotas  d'easal  d'hellcoptare  du  C.E.V.  au  cours  d'appro- 
ches  I.L.S.  da  dlfflcultea  crolaaantaa  : vol  aana  vlalblllte  da  Jour  at  de  null.  Vitease 
(VI)  d'approche  dacrolaaonta. 

Cinq  typaa  da  ttcha  aont  definla,  cliaque  type  etant  repete  5 fola  au  coura  du  aitine 
vol.  Lea  Inpraaalona  raaaantlea  at  laa  dlfflcultea  rencontreea  aont  egalement  noteea  de 
1 a 10. 

Lea  reaultata  obtenua  font  raaaortlr  une  augnentatlon  de  la  frequence  cardlaque 
avec  balaaa  concoml ttenta  da  la  varlablllte  cardlaque  d'autant  plua  loiportante  qua  le 
aujat  a une  grande  varlablllte  au  repoa.  Cette  augaiantatlon  du  rythne  cardlaque  eat  exa- 
cerbea  par  I'adjonctlon  de  facteura  axtamaa  (turbulence).  L'lnfluence  de  I'apprentla- 
aage  eat  awrquea  par  une  diminution  aenaible  de  cette  acceleration  cardlaque  au  coura  de 
repetitiona  auccaaaivea  d'una  mime  tAche.  L'adjonctlon  de  critirea  aubjectlfa  peut  par- 
foia  apporter  quelquea  renaaignamanta  utilea. 

L* etude  de  la  varlablllte  cardlaque  parait  8tre  un  critere  superieur  a 1 ' enregiatre- 
ment  da  la  frequence  cardlaque  Inatantanee,  cepandant  on  ne  peut  paa  encore  affirmer  une 
proportlonnalite  etrolte  antra  cea  parametrea  et  la  charge  de  travail  aerlen. 

INTRODUCTION 

Le  travail  aerlen  represente  par  le  pilotage  eat  eaaent le 1 I ement  une  tSche  Intel- 
lectuelle  oil  lea  efforts  imisculalres  proprement  dits  sont  le  plus  souvent  relatlvement 
redults.  Le  travail  du  pilote  peut  ae  reaiisier  en  trots  actions  principales 

- 1 ' acqul St t ton  de  donneea  i ndl spenaabl ea  au  pilotage  et  au  deroulement  de  la 
mission, 

- I'analyse  de  la  situation, 

- la  reponse  elfectuee. 

Cette  tfiche  se  trouve  singul iirement  compllquee  lorsqu'il  a'agit  pour  le  pilote  de 
real i ser  des  approches  I.L.S.  dons  des  conditions  anvi ronnantes  extrSmenient  difficiles. 

La  mesure  directs  quantitative  de  la  charge  de  travail  imposes  dans  de  tellea  clr- 
constances  est  pratiquement  Impossible.  Cependant  touts  une  serie  de  methodes  ont  ete 
proposees,  aussi  blen  sur  le  plan  physlologi que  que  psychol ogl que . 

Les  physlologi stea  etudlent  et  enreglstrent  : I'activlte  electrique  cerebrals, 

I'etat  de  tonus  et  de  contraction  musculaire,  les  mouvements  oculaires,  la  resistance 
cutanee,  la  frequence  reap! ratoi re , la  frequence  cardlaque,  etc... 

Lea  psychologiies  recueillent  apres  le  vol  lea  commentaires  de  1 'equipage  sur  la 
nature  et  les  notations  sur  la  difflculte  de  la  tSche  a accompllr.  Cea  notations  sont 
affectuees  salon  une  echelle  de  difflculte. 

L'analysa  de  cea  differents  parametrea  psycho-physiologlques  traduit  plus  ou  molns 
i'etat  de  receptlvite  et  de  reactlvlte  des  sujeta,  done  leur  niveau  de  vigilance. 

Pour  reallser  des  enregistrements  en  vol  II  est  indispensable  de  choisir  une  metho- 
ds simple  apportant  le  minimum  de  g8ne  pour  le  pilote,  n' Interferant  pas  sur  son  travail 
et  n'entratnant  aucune  incidence  sur  la  securite. 

Cast  pour  ces  raisons  que  nous  avons  ete  amenes  a utiliser  une  technique  d'anrs- 
glstrement  de  la  frequence  cardlaque  et  de  la  varlablllte  cardlaque  con Jolntemant  A une 
enquCts  psychologique  : etablissement  apres  le  vol  d'une  flche  de  notation  corraspondant 
A I'Achelle  de  Cooper  (voir  tableau  ci-aprAs). 


Bv: 


; Qt'ALlFICATlK 

Note 

Description  des  conditions 
de  charge  de  travail 

Pent  atterrlr 

t 

1 

Kxcellantss  - parfait. 

oul  : 

Satisfoisant 

2 

Bnnnaa  - travail  agrAuble. 

OUl  1 

3 

Sat  1 sf A i santes  malgrA  quelques 
di f f i cul tes 

oui  : 

'< 

Acceptables  mala  devenant 
desagreabl es 

oul  : 

* non 

sat i sf a! sant 

Difficulte  limits  pour  une 
operation  normals 

. : 
oui 

b 

Acceptables  seulement  dans 

: 

des  conditions  d'lirgence 

oul  : 

: 

7 

Inacceptables  mAme  en  cas 

non 

d ' urgence 

douteux  : 

: acceptable 

; 

H 

Inacceptables  • dangereuses 

non  1 

9 

Inacceptables  • IncontrAlables 

non  : 

; impossible 

10 

En  le  rythme  cardiaque  suit  les  fluctuations  d'une  tache  psrcsptivs  travail 

visual.  Si  au  repos  la  periods  cardiaque  est  instable  et  varie  physiologiquesient  : 
arythmie  sinusale,  comne  I'a  montre  KALSBEEK,  cette  irregularite  diminue  d'une  fa<;on 
significative  avec  la  charge  mentals  alora  que  dans  le  roAme  temps  la  frequence  cardiaque 
croft.  Cette  augmentation  pourrait  etre  ainai  un  tres  bon  critere  d'etude  des  charges 
visuelles  percept! ves. 

Nous  avons  done  cherche  a apprecier  I'interet  de  1* etude  du  rythme  cardiaque  et  de 
sa  variabilite  dans  I'evaluation  de  la  charge  de  travail  Imposes  a differents  pilotes« 
au  cours  d'approches  I.L.S.  sur  helicopters. 

Le  pilotage  des  helicopteres  est  particul ierement  dellcat,  vu  1 * instabllite  propre 
de  ces  aeronefs.  Cette  tAche  est  rendue  encore  plus  difficile  sur  les  helicopteres 
lourds.  Ceci  oblige  les  constructeurs  a concevoir  des  systemes  d'aide  automatique  au 
pilotage  pour  amellorer  les  qualites  de  vol  de  ces  machines  et  en  rendre  le  pilotage 
agreabl e * 

Dans  notre  experimentation,  les  approches  aont  effectuees  sans  aide  automatique, 
ce  qtii  explique  la  difficulte  et  la  coroplexite  de  la  tache  demandee. 


Protocols  d'essai 

Ces  mesures  sont  faites  sur  k pilotes  d'essai  du  Centre  d'Essais  en  Vol  dont  1 ' Age 
s'echelonne  de  35  a 50  ans , sujets  particul ierement  bien  entrafnes  et  motives  pour  ce 
type  d ' experimentation. 

La  tAche  requise  consists  en  1 ' atterrissage  d'un  helicopters  Super  Frelon  sur 
falsceau  ILS  ou  eventuellement  sur  faisceau  a grande  pente  du  type  TALAR,  tous  les 
atterrlssages  sont  realises  sur  la  piste  du  C.B.V.  a BHETIGNY. 

Cinq  types  de  tAche  sont  definls  : 


1  > Sans  pilots  automatique 

de  jour  avec  bonne  visibilite  exterieure 
Vitesse  d'approche  constants  : VI  s 100  kts. 


2 - Sans  pilots  automatique 

sous  capote 

Vitesse  d'approche  constants  : VI  ■ 100  kts. 

3 * Sans  pilots  automatique 

sous  capote 

Vitesse  d'approche  decrolssante  : VI  * 100  a kO  kts. 


k 


Sans  pilots  autosiatique 

de  nuit  sans  Acran  - piste  Atelnte 

Vitesse  d'approche  dAcroissante  t 


VI 


100  a kO  kts 
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S - Avmc  pllota  autoMtlqua 

•oua  capota 

Vltaaaa  d'approcha  dicroiaaanta  t VI  « tOO  i kO  kta. 

Chaqua  pllota  doit  affactuar  la  ttcha  doiinaa  cinq  fola  da  faqon  rapetltlva 
afln  da  datactar  un  factaur  avaatual  d'apprantiaaaga  at  d'adaptation  i la  tAcha. 

La  aaaura  du  rythaia  cardlaqua  aat  aaauraa  a partir  da  3 ''lactrodaa  cutanaaa 
da  granda  aurfaca,  placaaa  dana  la  riglon  aoua-aaiaalonnaira  (2  alactrodaa)  at  paravarta- 
brala  (1  Alactroda)  (Fig.  1),  dillvrant  daa  tanalona  dlffarantlallaa  appllqueaa  i I'an- 
trAa  d'un  aapllficataur  C.S.F.  La  aortla  do  1 ' aaipll flcataur  oat  anraglatrea  : 

- dlroctaBont  aur  uno  piato  da  la  bando  magnatlquo, 

- IndlroctOBont  aur  uno  autra  piato  a travara  la  "noraallaatour  d' inpulalon" 
qui  Allnlno  la  parturbation  du  cardiograaoBa  par  laa  contractiona  auaculalraa  at  delivro 
una  lapulalon  adaptAa  au  prograaaio  do  calcul  (Fig.  2). 

> Oaacrlptlon  d’una  axpArianca 

La  pllota  una  fola  AqulpA  daa  alactrodaa  do  1 ' elactrocardlogranno  a'oaaoolt  a aon 
poato  at  connocto  aaa  Alactrodaa  a 1 ' eloc tr ^nlquo  aaaocloo  par  1 ' Intanaedlalra  d'una 
prlaa  raplda  dlractoaant  decrochablo. 

AprAa  avoir  docolle  at  reallaa  un  circuit  autour  du  torrain,  11  offoctua  aa  tScha 
d'attarriaaaga  aalon  la  plan  aulvant 

- A 1 500  pioda  intarcoptlon  du  localiaaur  : VI  > 100  kta,aiiae  on  routo  da  I'onro- 
giatraaant  nagnatlqua,  Intarcoptlon  du  gllda  ; 

- top  a 1 OOO  plada, 

- heuvoau  top  A 600  plada.  Dana  la  caa  d'aaaai  A VI  decrol aaanta , 11  oat  damande 
au  pllota  do  falro  dacroltro  catto  vltaaaa  A partir  da  600  plada  da  fa^on  llnealra  pour 
attolndro  50  A 'lO  kta  A 50  plada.. 

- daaconto  Juaqu'A  50  plada, 

- A 50  plada,  raailao  daa  gaz,  nouvaau  circuit  pour  raprondro  la  rnAme  manoeuvre, 

L'allumage  da  lampoa  aignalo  un  ecart  tiop  Important  at  la  non  reusalta  da  I'appro- 
cho  at  la  neceaalte  do  la  romlao  daa  gaz. 

A la  fin  da  chaqua  aerlo  (5)  laa  pllotaa  do  rotour  au  aol  romplisaant  deux  fauillea 
aur  laaquell aa 11a  Inacrlvant  laura  Improaalona  generaloa  aur  laa  difficultea  roncontreoa 
qu'ila  notont  da  1 A 10  (planchaa  1 at  2). 

Au  coura  du  vol,  1 ' oxperlmantataur  do  bord  rampllt  uno  autra  faulllo  conalgnant 
laa  caractorlatlquaa  du  vol,  alnal  quo  laa  obaorvatlona  du  pllota. 

- DApoulllomont  daa  onroglatroments 

La  battamont  cardlaqua  oat  tranaforme  an  un  algnal  eloctrlquo  du  niveau  et  de 
durea  noroiallaea.  L* anroglatromont  aat  done  calui  do  crenaaux  aynchronea  avec  lea  con- 
tractiona cardlaquoa  et  d'una  baae  de  tempo. 

Si  t^  aat  la  tempo  d'apparltlon  de  la  nleme  pulsation,  on  appelle 

- pArloda  cardlaqua  : 

^n  “ *(n)  “ *(n  - 1)  (aocondoo) 

- Frequence  cardlaqua  1 

p 1 X 60  (pulaationo  par  minute) 

n Tn 

- Variabillte 

'^n  * "^(n)  - (n  - 1) 

- Reaultata 

Ila  aont  axprlmAa  aur  laa  tablaaux  1,  2,  3,  4 at  laa  flgurea  3,  ‘l  at  5. 

Chaqua  tableau  ropreaanto  la  valour  moyenne  pour  cheque  type  do  tache  repetee  5 fola, 
do  la  frAquanca  cardlaqua  (on  battementa/minute)  at  do  la  variabillte  cardlaqua  (on  ma) 
avoc  laur  Acart  typo. 

Dana  la  promlAro  colonna,  Intltulea ,numero  do  vol,  la  nombre  place  antra  parenthe- 
••a  Indlqua  la  type  da  tAcha.  Pour  daa  ralaona  technlquea  la  tAcha  5 no  figure  quo  chez 
daux  pllotaa  (tableau  1 at  tableau  2). 

Las  chiffrao  rapreoantAa  dans  la  troialAmo  at  la  slxlAma  colonna,  Indlquant  la 
nomhra  d* Achantillons  cholala  (nb) 


H^-4 


La  frequence  cnrdiaque,  en  moyenne  de  a 7^  hattemente  par  minute  au  repos 
passe  a 7^  **  m#me  plus  pour  3 de  nos  sujets  (tableaux  1 • 2 et  3)«  chez  un  aetil 

(sujet  LOR)  elle  est  superieure  a tOO  pour  deux  types  d'approche  (tableau  k (^)  et  (3))» 
Cette  acceleration  Importante  est  dtiSi  comme  nous  le  verrons,  a des  causes  pertiirbatri - 
ces  exterleures*  Dans  I'ensesible  on  observe  une  baisse  de  cette  acceleration  cardlaque 
au  fur  et  a mesure  de  la  repetition  de  le  mdme  tache  (en  moyenne  4 a 5 battements  par 
minute)  et  ce  d'autant  plus  que  la  frequence  est  elevee  nu  cours  de  la  premiere  opproche 
(tableau  d (^)  - tableau  3 (2))* 

La  varlabllite  cardlaque  dlsiinue  au  fur  et  a mesure  de  1 ' augmentat ion  de  la 
frequence  cardlaque  (lig*  3 *1  ^)  alors  qu*au  repos,  elle  est  extrAmement  fluctuante  et 
depend  de  I'arythmle  slnusale  du  sujet,  souvent  llee  au  rythme  respl rotolre • 

Cn  ce  qui  conceme  les  notations  donnees  aux  dlfferentes  taches 
*)*el)es  sont  extrimement  variables  d*un  sujet  a 1 'autre. 

D*une  fa^on  generals  les  notes  les  plus  elevees  6,  7 sont  donnees  pour  les 
taches  3 * ^ t sous  capote  de  Jour  avec  VI  decroiasante  et  de  nuit  piste  etelnte  VI 
dec roi ssante , ce  qui  correspond  souvent  avec  une  acceleration  cardlaque. 

- Discussion 

A la  suite  d'une  telle  experimentation,  deux  ense i gnement s Iraportants  peuvent 

>tre  tires 


- une  augmentation  de  la  frequence  cardlaque, 

• une  legere  diminution  de  cette  augmentation  au  cours  de  repetition  de  la 
tache  donnee* 

On  observe  une  augmentation  constants  de  la  moyenne  de  la  frequence  cardlaque 
au  cours  d'une  tache  de  pilotage  donnee  par  rapport  a la  frequence  moyenne  de  repos. 

Cette  augmentation  est  de  I'ordre  de  10  a battements/minute  et  correspond  a celle 
constatee  par  HASBROOK  et  coll*  lors  d'approche^  ILS  sur  simulnteur. 

A cette  augmentation  correspond  une  baisse  de  la  varlabllite  cardlaque,  baisse 
d'autant  plus  importante  que  le  sujet  presente  une  varlabllite  importante  au  repos. 

Dans  la  figure  k on  voit  qu'elle  finit  par  disparaitre  en  fin  d'approche  lors 
du  travail  aerien  maximum,  alors  que  la  frequence  cardlaque  Instantanee  est  tres  irnpor** 
tante  superieure  a 110  battements/minute.  Le  pilote  estime  d'ailleurs  cette  tAche  tres 
difficile  et  la  cote  7i  c'est-a-dire  : i nacc eptubl e , mAme  en  cas  d'urgence.  Dans  la 
realite  un  tel  atterrissage  resterait  douteux  et  obligerait  le  pilote  a remettre  les  gaz. 

On  note  dans  1 'ensemble  une  diminution  plus  ou  roolns  importante  de  la  sioyenne 
de  1 * augmentation  du  rythme  cardlaque  au  cours  de  la  repetition  de  la  mAme  tache.  Cette 
diminution  est  de  I'ordre  de  5 a 10  battements  en  moyenne,  entre  la  premiere  approche  et 
la  cinquieme,  sauf  cas  exc ept ioniiel s ou  des  facteurs  externes  viennent  interferer  sur 
1 * accompl 1 ssement  de  la  tAche,  turbulence  par  example.  Cette  baisse  a long  terme  pourrait 
Atre  attribuee  selon  HAbBROOK  et  coll,  a un  effet  d * acconsnodat ion  et  au  role  de  I'appren- 
t I ssage • 

L'augmentation  de  la  frequence  cardlaque  peut  a notre  avis  etre  attribuee  au 
"stress"  represente  par  le  tuux  d ' apprehens ion  et  1 'attention  soutenue  du  pilote  au 
cours  de  son  approche.  Cette  augmentation  est  d'ailleurs  exacerbee  lorsque  des  facteurs 
externes  viennent  interferer*  C'est  le  cas  du  sujet  LOR  qui  presente  au  cours  des  ta> 
ches  2 et  3 une  augmentation  de  la  moyenne  de  la  frequence  cardlaque  tree  importante 
superieure  a lOO  battements  117  * 113  * 1^7  * 104*  Or  ce  pilote  a du  realiser  son  ap- 
proche de  type  d dans  un  trafic  serien  dense,  la  presence  d'un  Mirage  dans  le  circuit 
I'obllgeant  a effectuer  une  "batdnnette**  e*  une  remise  intempestive  des  gaz,  il  s'ensuit 
d'ailleurs  une  vive  altercation  entre  ce  pilute  et  le  contrdleur  au  sol.  Dans  I'approche 
de  type  3«  facteur  exteme  est  rspressnte  par  uns  mauvalse  meteo  t pressnce  de  tur- 
bulences et  rafales  qui  ginent  considerablsment  Is  p&lote  st  I'empAche  d'sffsctusr  une 
decroissance  lineaire  de  sa  vitesse  d'approche. 

Un  autre  facteur  intersaaant  a analyser  consiste  en  la  comparaiaon  entre  les 
notations  donnees  par  lea  pllotss  les  snrsgl atreraents  physiologiquea  frequence,  varia- 
bility cardioque  et  les  resultats  de  la  performance* 

Psut-on  dire  qu'll  existe  une  correlation  etrolte  entre  eux  ? A notre  avis  il 
ne  nous  paratt  pas  possible  ds  repondre  de  fa^on  absolu#  a une  telle  question.  Ces  nota- 
tions subjectivss  dependant  dss  sujsts  : csrtains  notant  de  fa^on  optimists  ^ k k alors 
que  I'approche  sat  rates,  d'autres  da  fa^on  pessimiate  5-6,  parfois  7«  alors  que  la 
mission  sat  parfaitsmsnt  executes,  la  frequence  cardlaque  augmentant,  la  variability 
cardlaque  dlrainuant  plus  ou  siolns* 

Sur  le  trace  5 on  constate  pour  une  approche  de  type  3*  one  variability  car- 
dlaque pratlquerient  Inchnngee,  une  legAre  suraugmentation  de  la  fryquance  cardlaque  en 
fin  d'approche,  pourtant  ce  pilote  note  la  difficulty  6 A savolr  : A peine  acceptable 
dans  un  cas  d’urgsncs,  pourtant  11  reussit  parfaitsment  son  approche*  11  convient  de 
signaler  qu*il  s'agit  d'un  sujet  relativement  Age,  pilote  d'hellcoptAre  trAs  confirms, 
parfaitsment  entrains  mala  toujours  consclent  de  la  tAche  demandee* 

11  nous  ssmbls  done  qu'A  I'heure  actuslls,  on  ne  puisse  pas  sfflnssr  I'exls- 
tsnee  d'une  proportl  >niialite  Atroite  entre  Is  charge  de  travail,  la  frAquence  et  la 
Variability  cardlaque* 


CONCLUSION 


L«a  •nr«(lstr«menta  d«  la  fraquanca  cardiaqua  at  da  la  variabillte  cardiaqua  aont 
affactuia  chaa  k pllotaa  d'aaaai  d'hallcoptira  du  Cantra  d'Eaaaia  an  Vol  au  coura  d'ap- 
prochaa  ILS  da  dlfflcultea  crolaaantaa>  Coaaa  11  avail  eta  deja  damontre  par  AUFFRET  at 
Coll.,  1 ' anragiatraBant  da  caa  paranatraa,  paralt  8tre  un  critere  utile  pour  I'evalua- 
tloa  da  la  charj^a  da  travail  aerlan  ou  la  detection  dea  variationa  da  charge  au  coura  da 
ca  travail  a pradOBinanct  parcaptiva.  L'adjonction  da  crit8res  aubjectlfa  peut  egalement 
apportar  daa  ranaalgnaBanta  utilaa,  naia  caa  crltirea  devraiant  8tre  almplifies,  la 
eolation  da  1 8 10,  aalon  I'achalle  da  Cooper,  apparaiasant  a notre  avia  un  peu  trop 
coBplaxa. 

L'atuda  da  la  variabillte  cardiaqua  paratt  8tre  un  critere  auperieiir  a I'enregis- 
troBont  alBpla  do  la  frequence  cardiaqua  inatantanee. 

Una  tella  Bathoda  d'enregiatrement  da  rcaliaatlon  8iiii|>le  doit  etre  utiliaee  en 
aeronaut iqua , afln  d'aaaayar  d'evaluer  la  charge  da  travail  das  i-quipagea,  d'aidor  a aa 
repartition  at  da  detoctor  la  aaull  maxiBum  ou  I'honane  ne  peut  plua  faire  face.  Car 
c'aat  la  repetition  da  caa  axpariancea  qul  pourra  peut-8tre  permettre  la  quantification 
da  la  chargo  do  travail  grlco  a 1 'etude  da  la  variabillte  cardiaqua. 
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FREQUENCE  CARDIAQUE 


I 


N*  d*  Vol 

IlLS 

X 

-L- 

Nb 

X 

I 

Moyonno 

.Ecart  typa 

t 

1 1 

X 

X 

X 

X 

1 2 

X 

31 

X 

79,90 

: 0,07 

‘•7 

! 3 

X 

24 

X 

78,58 

: 0,24 

(1) 

i 4 

X 

X 

27 

X 

X 

79,44 

: 0,21 

X 

* 5 

X 

-U- 

12 

X 

77,58 

; 0,37 

X 

X 

X 

X 

Total 

1 

X 

78,87 

! 0,22 

X 

1 1 

X 

: 

44 

X 

X 

83,56 

X 

r 0,60 

: 2 

X 

40 

X 

81,85 

! 0,48 

50 

: 3 

X 

38 

X 

80,81 

0 

10 

0 

(3) 

X 4 

X 

X 
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37 

I 

X 

80,27 

: 0,16 

1 5 
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39 

X 

80,33 

1 0, 14 

• 

X 

t 

X 

Total 

X 

X 

81,36 

0.31 

1 

X 1 

X 

X 

42 

X 

X 

80,16 

t 0,23 

t 

1 2 

t 

46 

X 

77,80 

: 0,25 

52 

« 3 

X 

4b 

X 

79,76 

I 0,19 

I 4 

49 

X 

79,55 

: 0,20 

(<•) 

i 5 

X 

X 

47 

X 

79,65 

t 0,83 

t 

s 

t 

X 

X 

Total 

79,38 

: 0,34 

i 

X 

I 1 

X 

37 

X 

77,83 

: 0,38 

t 2 

X 

38 

77,34 

i 0,37 

58 

1 3 

t 

40 

77,72 

J 0,36 

(5) 

: 4 

X 

39 

77,64 

I 0,32 

« 5 

X 

44 

77,29 

: 0,39 

X 

: 

X 

Total 

77,56 

: 0,36 

TABLEAU  N 


VARIABILITE  CARDIAQUE 


1 

: 

Nb 

Moyenne 

Ecart  type 

30 

4.33 

0,30 

23 

3,73 

0,31 

24 

5,29 

0,29 

13 

4,92 

• ••  *1 

0 

:• 

0 

X 

4,56 

0 

0 

43 

3,06 

0,29 

39 

2,38 

0,25 

• 

37 

3,59 

0,27 

X 

4l 

3,90 

0,16 

38 

3,63 

0,27 

! 

3,31 

0,24 

: 

X 

X 

42 

3,59 

0,42 

X 

46 

3,56 

0,29 

X 

45 

3,17 

0,31 

48 

3,29 

0,4i 

46 

2,82 

0,23 

: X 

3,28 

0,33 

36 

4,25 

0,33 

X 

37 

4,72 

0,37 

40 

4,40 

0.43 

39 

4,41 

0,31 

6 


28 
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SUJET  MAC...  J 
N*  d«  Vol  ’iLs' 


FREQUENCE  CARDIAQUE 


Moyenne  )Ecart  type 


VAHIABILITE  CARDIAQUE 


Moyenna  Ecart  type 


t 

i 

I 

: 


TABLEAU  N*  2 


FREQUENCE  CARDIAQUE 


VARIABILITE 


CARDIAQUE 


;SUJET  LOR...  ' 


N*  da 

t 1 

: 

t 

t 

Moyonna 

Ecart  type 

Nb 

Moyanna 

Ecart  type,* 

X 

’ 1 

31 

t 

I 

78,06 

1.25 

28 

13,53 

0,91  : 

i 2 

37 

i 

77,40 

1,36 

38 

11,39 

0,74  : 

44 

« 3 

43 

1 

77,7b 

1,08 

40 

11,20 

0,84  t 

(1) 

i 4 

47 

77,51 

1,08 

47 

12,97 

0,84  ! 

: 5 

45 

: 

79,93 

0,80 

43 

12,44 

1,12  : 

i 

: 

: 
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t 

78,13 

1,11 

12,30 

0,89  : 

1 1 

45 

: 

t 

113,97 

1,89 

46 

3,63 

0,56  ! 

t 2 

35 

s 

106,77 

2,06 

34 

4,64 

0,68  ; 

46 

t 3 

40 

: 

107,57 

1,68 

39 

6,84 

1,05  : 

(•) 

t 4 

30 

t 

117.50 

2,11 

32 

4,53 

1,06  : 

« 5 

35 

1 

105,71 

1.52 

35 

6,20 

0,76  X 

. 1 

Total 

t 

110,30 

1,85 

5,16 

0,82  : 

s 

: 1 

36 

! 

t 

113,80 

1,64 

34 

6,79 

1,52 

: 2 

45 

: 

107,71 

1,09 

43 

6,39 

0,88  ! 

49 

t 3 

44 

104,11 

1,08 

43 

6,97 

0,84  : 

(3) 
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! 

kk 

t 

t 

97,20 

1,26  1 45 

X 
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0,68  t 

1 5 

: 

: T' 

■ ! 

t 

s 
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t 

X 
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6,95 

0,98  I 

X 

1 } 

1 1 : 67 

t 

I 
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6b  : 12,96 

0,96  : 

« 2 

49 

1 

82,24 

1,18  I 49  t 11,85 

! t 

0,80  : 47  I 8,40 

X : 
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51 

1 : 

131  ^8 

t t 

t 

t 

85.31 

0,76  ! 

(4) 

s k 

t 

45 

t 

X 

89  *42 

1 ,4l 

kk  8,29 

0,81  1 

X 

1 5 

47 

1 

80,44 

0,58 

47 

9,87 

0,53  ! 

X 

- 

t 

t 

t 

Total 

X 

X 

84,24 

0,98 

10.27 
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X 

TABLEAU  N*  4 
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' /t»LANCHE  'n*~  1 / 

N*  du  vol  I 

Noa  du  Pilot*  i 
Nature  du  toI  t 

Coaaentair**  du  Pilot*  aur  1*  nature  da  la  difflculte  daa  eaaaia  (Etude  Charjue  da  tra- 
vail) 


/PLANCHE  N*  a / 

Date  : 

N*  du  vol  I N*  da  la  paase  : 

Nob  du  pilot*  : 

Nature  d*  I'eaaai  i 
Conditions  atnoepheriques  : 

noter  la  turbulence  (1  nulla,  2 faible,  3 moyanne,  k forte,  5 trea  forte) 

Considires-vous  avoir  atteint  I'objectif  da  votre  tSche  7 OUT'  - NON 

Estiaea  la  difflculte  d*  votra  tftche  : 

0 ainiauB  : 

10  aaxlaium 

$ correspondent  i la  difflculte  limits  normalement: 
adalse  pour  un  atterrisaage  I.L.S. 

(selon  I'echell*  d*  Cooper  qul  vous  a ate  foumie)  : 

Conaentelres  particullars  du  Pilots  : 


Wiiil  IH  1)1,  u: 


■1  XU  if. #r;ii 


Enr«gistrm«nt  an  vol  de  la  variablllte  at  de  la  frequence  cardiaquen 
au  cours  d'une  approche  ILS  de  type  3. 


ci*i44^ 


Enreglatreaent  an  vol  de  la  variablllte  at  de  la  frequence  cardiaquea 
au  coura  d'una  approche  ILS  da  type 


Enraglatraaaat  on  vol  da  la  variablllte  at  da  la  frequence  cardiaquea 
au  coura  d'uao  approcha  ILS  de  type  3 

(on  roBorqua  una  variablllte  pratlquamant  Inchangee). 


B5I3 


DISCUSSION 


M.G.Saiidcrs:  The  activity  of  psychologists  should  not  be  limited  to  the  study  of  ratings  or  other  subjective  judgments. 
This  IS  misleading  since  the  major  task  of  psychologists  has  been  to  analyse  behavior. 

To  what  extent  are  your  data  on  variability  indicative  of  differences  in  motor  activity.  This  is  only  one  aspect  of 
load,  and,  consequently,  variability  of  heart  rate  cannot  be  considered  as  a measure  of  “general"  mental  load.  May  1 
have  your  comments  please? 


B.Vettcs;  ( 1 ) Oui,  I'aspect  comportemental  des  sujets  interroges  doit  prendre  une  grande  importance  et  le  questionnaire 
doit  toujours  en  tenir  compte.  J'ai  d'ailleurs  souligne  la  nature  "optimiste”  ou  “pessimiste”  des  sujets  interroges,  ce  qui 
traduit  bien  une  fayon  de  comportement. 

(2)  Certes.  le  rythme  cardiaque  croit  lorsque  I’activite  motrice  augmente,  mais,  dans  notre  cas,  oil  I’activite 
motrice  est  mineure  et  ne  varie  pratiquement  pas,  I’accroisseinent  de  la  frequence  en  correlation  avec  une  diminution 
de  la  variability  cardiaque  (phenomene  constant)  traduit  bien  une  tache  intellectuelle  perceptive. 


K.H.Doetsch:  There  is  in  existence  an  improved  Cooper-Harper  scale  (an  AGARD  document)  that  is  supposed  to  make 
it  easier  for  pilots  to  translate  their  opinion  into  numerals  than  the  Cooper  Scale  quoted  in  the  paper. 


B. Vettes:  Je  suis  parfaitenient  au  courant  de  I’existence  de  cette  echelle,  qui  a d'ailleurs  ete  conyue  par  un  ingenieur  du 

C. E.V.,  en  accord  avec  nos  pilotes,  et  admis  par  1’ AGARD.  Dans  notre  experimentation  le  questionnaire  propose 
provenait  d’un  organisme  etranger  au  CtV  (psychologues  de  I’University). 
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SUMMARY 

Various  measures  of  pilot  workload  are  known  which  are  presently  applied  to  human  engineering  in- 
vestigations. It  is  difficult,  hi»wever,  to  find  a measure  which  has  proved  to  be  universally  applicable 
and  adequately  validated.  Measures  tailored  to  a specific  application  may  be  less  flexible  but  can  pro- 
vide relevant  and  sufficient  information  on  pilot  workload.  This  is  demonstrated  by  referring  to  experi- 
ments with  advanced  helicopter  displays  which  were  tested  in  flight. 

LIST  OF  SYMBOLS 


A - mechanical  work 

IMC  - instrument  meteorological  conditions 

m - mass 

M - torque 

r - product-moment-coefficient  of  correlation;  distance 

rms  - root  mean  squared 

t - time 

T - duration  of  test 

v - velocity 

VFR  - visual  flight  rules 

VMC  - visual  meteorological  conditions 

a - angle  of  rotation 

'P  - bank  angle 

0 - moment  of  inertia 

u>  - angular  velocity 

u)  - roll  rate 

w - pitch  rate 

- yaw  rate 


1.  INTRODUCTION 

Some  years  ago  an  AGARD  Working  Group  on  "V/STOL  Displays  for  Approach  and  Landing"  surveyed  the 
measures  of  pilot's  performance  and  workload  currently  applied  to  the  inv* stigation  of  displays.  32  insti- 
tutions in  5 NATO  countries  were  interviewed  and  the  result  showed  that  approximately  50  more  or  less 
different  measures  were  in  use.  Even  more  measures  were  developed  in  the  following  years  with  the  effect 
that  the  chance  to  find  two  different  experiments  in  which  identical  workload  measures  were  applied  be- 
came progressively  smaller.  Though  a uniform  measure  of  workload  would  be  one  of  the  most  important  pre- 
requisites to  gain  a higher  degree  of  economy  of  human  engineering  investigations  there  are  definite  limi- 
tations to  achieve  this  goal.  Some  aspects  of  workload  measurement  are  discussed,  therefore,  and  some 
workload  measurements  and  the  results  are  presented  by  referring  to  flight  tests  with  advanced  displays 
for  helicopter. 

2.  PHILOSOPHIES  OF  WORKLOAD  MEASUREMENT 

Two  major  philosophies  seem  to  exist  in  the  development  of  workload  measures  [l]  . In  short,  one  is 

- to  select  from  the  variety  of  possible  measures  the  most  promising  one 

- to  validate  it  to  a high  degree  in  order  to  make  it  applicable  to  a number  of  experimental  conditions 

- to  apply  it  to  this  variety  of  experimental  conditions  and  to  rely  on  it  until  more  efficient  measures 
may  be  found 

There  is  a high  risk,  of  course,  not  to  proceed  any  further  than  step  2 - the  validation.  The  other 
is 


- to  record  simultaneously  measures  in  the  fields  of  control  technology,  psychology,  physiology  and  sub- 
jective ratings 

- to  form  different  hypotheses  about  the  meaning  and  significance  of  these  measures  with  respect  to  the 
particular  experiment 

- to  find  a decision  within  a group  of  Interdisciplinaryly  trained  specialists  which  hypothesis  may  be 
the  most  acceptable  one 

Of  course,  this  philosophy  has  deficiencies,  too.  Questions  arise,  for  example,  who  is  a specialist 
and  who  ist  not?  why  measure  heart  rate,  respiratory  rate,  respiratory  volume,  carbon  dioxide  production, 
oxygen  consumption,  work  rate  and  systolic  blood  pressure  simultaneously  if  all  these  measures  are  linear- 
ly correlated  w uin  the  range  of  interest  [?]  ? what  is  the  relative  importance  of  the  individual  measures? 
and  so  (»n.  But  it  also  has  definite  advantages  compared  to  the  philosophy  mentioned  earlier: 
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i)  workload  may  be  assessed  on  a basis  much  broader  than  represented  by  a single  criterion 

ii)  the  risk  of  over*-emphaslzing  one  particular  measure  is  reduced  by  the  often  counterbalancing  effect 
of  other  measures 

iii)  the  weight  which  was  assigned  to  each  individual  measure  simply  may  be  changed  if  a better  under- 
standing of  the  measures  and  their  behaviour  has  developed  without  the  need  to  run  the  experiment 
again. 

3.  ASSESSMENT  OF  PILOT  WORKLOAD 

The  large  number  of  workload  measures  one  can  think  of  most  often  diminishes  rapidly  if  these  measures 
are  going  to  be  applied  to  a real  case.  In  practice  there  are  numerous  limitations  as,  for  example,  limited 
time  available  for  the  experiment,  less  well  trained  test  subjects,  laboratory  methods  which  will  not  work 
in  an  airborne  environment,  flight  tests  to  be  made  in  remote  areas  without  ground  support  and  so  on.  Any- 
how, some  insight  into  pilot  workload  can  be  gained  even  under  these  limitations  which  will  be  demonstrated 
by  referring  to  two  rather  different  practical  cases.  In  both  cases  advanced  displays  for  helicopter  and 
their  impact  on  pilot  workload  had  to  be  investigated  in  flight  in  a Bell  UH-ID  helicopter. 

3.1  CASfc  1 

In  this  case  the  layout  of  a head-up  display  had  to  be  investigated  which  was  designed  to  assist 
pilot/gunner  cooperation  in  a tank  attack  helicopter  [3]  . In  this  experiment  the  gunner  had  to  find  and 
to  track  a target  by  means  of  a steerable  electro-optical  sight.  But  to  enable  the  gunner  to  release  a guided 
weapon  the  pilot  had  to  align  the  helicopter  longitudinal  axis  with  the  line  of  sight  of  the  gunner's  sight 
and  to  maintain  this  position  with  "wings"  level  for  some  period  of  time  within  close  limits.  In  order  to 
assist  the  pilot  in  his  task  a head-up  display  was  installed  at  the  pilot's  seat.  Two  head-up  display  for- 
mats C and  D were  investigated.  Both  displays  presented  about  the  same  information  in  different  formats 
with  the  exception  thit  an  additional  lateral  steering  command  was  presented  in  display  D.  This  indicator 
provided  the  pilot  with  a turn  right/turn  left  director  which  theoretically  would  allow  an  optimum  align- 
ment of  the  helicopter  with  the  target. 

The  working  conditions  of  this  experiment  were: 

i)  15  pilots  were  available  for  flight  tests.  None,  however,  had  experience  with  a head-up  display. 

ii)  A very  limited  time  only  was  available  for  the  experiment. 

It  was  decided,  therefore,  to  concentrate  on  subjective  ratings  in  order  to  get  some  information  on 
factors  affecting  pilot  workload  rather  than  taking  objective  measurements  for  which  a large  variability 
was  expected.  Rating  scales  were  employed  for  this  purpose  having  a choice  of  5 positions  to  represent  the 
pilot's  opinion  with  respect  to  an  item  in  question.  For  various  and  well-known  reasons  [4]  no  attempt 
was  made  to  calculate  means,  standard  deviations  etc.  for  the  ratings  recorded.  Rather  the  number  of 
ratings  on  the  left  side  from  the  neutral  center  of  the  scale  was  compared  to  the  number  of  ratings  on 
the  right  side.  The  binomial  test  [s]  was  applied  which  showed  whether  a possible  difference  of  both 
numbers  occured  by  chance  only  or  whether  there  was  a ^significant  difference  (p  < 0.05)  indicating  a 
dominance  of  ratings  on  one  side  of  the  scale. 

In  order  to  demonstrate  some  of  the  outcomes  4 typical  items  in  question  and  the  ratings  obtained 
are  shown  in  figures  1 and  2.  The  first  two  questions  (fig.  la,  b)  were  related  to  the  availability  of  a 
torque  and  a bank  indicator.  Missing  Information  is  directly  related  to  pilot  workload  and  figures  la,  b 
show  that,  for  example,  a missing  torque  indicator  is  a significant  factor  while  a high  accuracy  below 
♦ 10  degrees  of  the  bank  indicator  seems  not  to  be  a significant  factor  in  this  respect.  However,  the 
latter  result  is  not  statistically  significant.  This  depends,  of  course,  on  the  type  of  question  and 
on  the  range  of  the  rating  scale.  It  was  observed  quite  generally  that  a dominance  of  ratings  on  the  left 
side  of  the  scales,  ^.e.  favouring  an  item,  almost  always  was  statistically  significant  which  was  not  the 
case  if  there  was  a tendency  to  mark  positions  on  the  right  side  of  the  scales,  i.e.  considering  an  item 
unimportant. 

Quite  different  distributions  of  ratings  were  obtained  if  the  question  was  directed  toward  the 
layout  of  the  new  display  relative  to  conventional  instruments.  Of  course,  the  layout  of  displays  affects 
pilot  workload,  too,  but  answers  given  in  this  respect  are  often  more  subjectively  motivated  than  by  the 
operational  requirements.  The  two  corresponding  distributions  of  ratings  are  shown  in  figs.  2a,  b.  Though 
both  distributions  have  no  statistically  significant  dominance  of  ratings  on  either  side  of  the  scale 
there  is  a tendency  to  concentrate  ratings  on  the  center  (fig.  2a)  or  on  the  extreme  right  and  left 
positions  of  the  scale  (fig.  2b).  In  the  first  case  there  is  a tendency  not  to  favour  the  electronic  displays 
(Displays  C and  D)  nor  the  conventional  instrument  with  respect  to  their  layout.  But  in  the  second  case 
there  is  a difference  of  opinions,  one  favouring  the  electronic  displays  and  another  favouring  the  conven- 
tional instrument.  The  layout  of  the  bank  indicator,  therefore,  was  not  considered  a major  factor  affecting 
pilot  workload.  But  the  second  case  gives  rise  to  the  assumption  that  pilot  workload  is  affected  sensitive- 
ly by  the  layout  of  the  torque  indicator.  The  redesign  of  the  layout  of  this  indicator,  therefore,  was 
given  a high  priority. 

A major  difference  between  displays  C and  D was  the  availability  of  a lateral  steering  command  in 
display  D which  assisted  the  pilot  in  aligning  the  helicopter  longitudinal  axis  with  the  line  of  sight  of 
the  gunner's  sight.  The  ratings  showed  that  the  pilots  considered  the  lateral  steering  command  highly 
desirable  (fig.  3).  But  because  of  the  limited  time  available  for  the  experiment  the  pilots  could  not  be 
trained  to  use  this  indicator  to  full  advantage.  By  means  of  a simulation  of  the  total  system  including 
the  pilot  an  rms  error  of  the  angle  between  the  helicopter  longitudinal  axis  and  the  line  of  sight  of  the 
gunner's  sight  of  30.6  mrad  was  predicted  for  a given  time  using  display  C presenting  no  lateral  steering 
command.  The  pilots  indeed  achieved  an  error  of  32.6  mrad  in  flight  (table  1).  For  display  D presenting  the 
lateral  steering  command  an  rms  error  of  7.5  mrad  was  predicted  but  the  pilots  could  reduce  the  rms  error 
in  flight  to  29.1  mrad  only.  An  extended  period  of  training  would  have  been  required  to  achieve  a higher 
performance.  But  more  important,  pilot  workload  was  predicted  to  be  much  higher,  too,  raising  from  33  mrad 
to  83  mrad  for  the  rms  error  of  pedal  movements  (♦  152  %)  and  from  12  to  70  (t  483  %)  for  the  pedal 
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reversals.  A less  considerable  improvement  of  performance  which  could  be  achieved  was  predicted,  there- 
fore, for  display  D than  theoretically  possible  because  in  flight  the  pilot  is  burdened  by  more  than  the 
alignfnent  process  alone. 

3.2  CASE  2 

In  the  second  case  a head-down  display  was  investigated  which  presented  a combination  of  the  terrain 
ahead  of  the  helicopter  and  electronicly  generated  instrument  displays  on  a monitor  screen  [b]  (fig.  *♦ ) . The 
purpose  of  this  experiment  was  to  compare  ordinary  daylight  VFR  flights  to  flights  in  which  the  pilots 
employed  this  display  as  the  only  flight  instrument  with  respect  to  flight  performance  and  pilot  workload. 
The  experiment  was  part  of  a larger  program  to  investigate  possible  benefits  of  an  integration  of  a for- 
ward looking  electro-optical  sensor  into  a helicopter  avionics  system. 

The  working  conditions  of  this  experiment  were  - quite  different  from  case  1 - as  follows: 

i)  2 well-trained  pilots  were  available  who  had  long-term  experience  with  the  display 

ii)  an  extended  period  of  time  was  available  for  the  experiment. 

It  was  decided,  therefore,  to  take  objective  measurements  because  a low  variability  was  expected. 

The  interpretation  of  the  results  was  supported  by  conclusions  drawn  from  pilot  interviews.  Three  areas 
were  of  particular  interest  with  respect  to  an  assessment  of  pilot  workload: 

a)  Coordinated  flying 

Helicopter  pilots  are  trained  to  fly  coordinated  with  respect  to  bank  and  yaw,  i.e.  to  keep  the  slip 
indicator  centered.  Less  coordinated  flying  may  be  caused  by  turbulences  but  also  by  a detraction  of  pilot's 
attention  from  this  task  if  other  tasks  are  becoming  more  demanding.  Therefore  the  squared  product-moment 
coefficient  of  correlation  between  bank  angle  tp  and  yaw  rate  u was  determined  because  r^  represents 

the  proportion  of  coordinated  flying,  i.e.  the  proportion  of  tfie  total  variation  of  yaw  rate  u)  which 

is  correlated  with  a variation  of  bank  angle  . The  parameter  r^  ^ may  serve  as  an  indirect  measure  then 
to  indicate  a variation  of  pilot's  attention  in  this  respect  if  other  influencing  factors  as,  for 

example,  turbulences  or  a variation  of  torque  are  less  appearing. 

b)  Manual  stabilization  of  the  helicopter  in  its  axes 

In  an  unstabilized  helicopter  pilot  workload  may  be  considered  related  directly  to  the  mechanical 
work  A which  is  controlled  by  the  pilot  in  order  to  stabilize  the  helicopter  in  its  axes.  An  elementary  unit 
of  work  may  be  calculated  as  (see  appendix) 

dA  : d (|  u.^) 

0 - moment  of  inertia 

u>  - angular  velocity 

And  for  6 = const,  the  mean  value  of  A with  respect  to  time  is 

* -III  I -’-I 

0 

T - duration  of  test 


But  the  term 


1 1 ■’ 


Is  equal  to  the  squared  rms-value  of  u which  can  be  measured  in  flight  and  which  leads  to 

1.02 

2 rms 

Thus  for  0 = const,  and  for  nearly  constant  friction  loads  (which  can  be  assumed  for  a nearly  uniform  pro- 
gress of  flights  which  in  turn  can  be  examined  by  means  of  the  recorded  flight  parameters)  and  for  ui  * 0, 
“™s  ^ considered  a relative  measure  to  assess  pilot  workload  produced  by  the  stabilization  task. 

c)  Average  bank  angle 

An  average  bank  angle  different  from  zero  indicates  that  the  helicopter  constantly  banks  to  one  side. 
Pilots  are  trained  to  take  corrective  action  in  this  case.  But  experience  shows  that  a constant  bank  angle 
which  may  be  small  and  unnoticed  by  the  pilot  occures  when  the  pilot's  attention  is  absorbed  by  more  de- 
manding tasks  than  flying  "wings  level". 

Table  2 presents  a comparison  of  the  three  measures  for  flights  undjr  VHC  and  for  flights  under 
simulated  IMC  employing  the  display.  It  can  be  seen  that  an  increase  of  u by  a factor  of  29  and 

an  increase  of  u by  25  % indicate  much  higher  pilot  workload  when  flj^llig  under  simulated  IHC.  This 

may  be  because  iva  assessment  of  pitch  and  roll  and  their  variation  is  much  easier  for  the 

pilots  under  VHC  than  it  is  by  means  of  the  display.  Increased  pilot  workload  is  also  Indicated  by  the 
measure  of  coordinated  flying  which  drops  from  52  % under  VHC  to  39  % under  simulated  IHC.  A major 

cause  may  be  the  higher  and  more*'''z  unsteady  activity  in  roll  (u^  ) under  simulated  IHC  already 

mentioned.  It  is  interesting  to  note  that  the  pilots  also  alloweS’im^ increase  of  the  average  bank 
angle  ip  by  BO  % when  flying  under  simulated  IHC. 
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Table  i presents  a comparison  of  the  three  measures  obtained  fiom  flights  over  level  and  undulated 
terrain  irrespective  of  the  flight  conditions,  l.e.  VMC  or  simulated  IMG.  It  can  be  seen  that  an  increase 
of  by  41  % and  by  14  % reflect  higher  pilot  workload  caused  by  much  more  turns  to  be  flown 

and  varying  slopX’oT^the  terrain. 

Table  4 presents  a comparison  of  measures  obtained  Jrom  flights  under  simulated  IMG  over  well-known 
and  unknown  courses.  It  can  be  seen  that  an  increase  of  by  a factor  of  2.6  marks  higher  pllot^ 

workload  because  of  much  more  turns  to  be  flown  on  the  unSilSD^  courses.  But  while  the  magnitude  of 
dropped  by  a factor  of  43, r^  reached  a maximum  of  0.54  compared  to  all  other  flights.  This  demons(^a?es 

that  the  pilots  flew  coordin^Vdd  with  respect  co  roll  and  yaw  but  in  gentle  turns  only  because  the  danger 
to  lose  orientation  on  an  unknown  course  is  much  greater  than  on  a well-known  course  which  in  each  case 
would  have  stopped  the  experiment. 

4.  CONCLUSIONS 

It  is  anticipated  that  even  in  the  long  run  it  will  be  questionable  whether  a single  and  universally 
applicable  measure  of  pilot  workload  will  be  found.  Measures  tailored  to  a specific  application  may  be  less 
flexible  but  may  yield  results  significant ■ in  both  a statistical  and  operational  sense  on  a level  which 
makes  them  useful  for  those  who  specify,  develop  and  operate  man-machine  systems.  This  has  been  demonstrated 
by  referring  to  a practical  case.  Though  the  measures  presented  may  be  not  applicable  elsewhere  it  is  hoped 
that  their  presentation  may  stimulate  corresponding  work  in  other  areas  where  a measure  of  workload  is 
needed. 
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Appendix 

Control  of  the  helicopter  in  its  axes 

In  an  unstabilized  helicopter  pilot  i^orkload  may  be  regarded  as  directly  related  to  the  (mechanical) 
work  A required  for  a rotation  of  the  vehicle  in  its  axes: 

A = Ma 
M - torque 

a - angle  of  rotation 

The  total  amount  of  work  may  be  calculated  as  the  sum  of  units  of  work  dA: 

dv 

dA  = M da  - m -jt  r da 
dt 

m - mass 

V - tangent- ial  velocity  at  distance  r 
from  the  center  of  rotation 


da 

dt 


dv  = r . * d(u 


0 = mr 


u • angular  velocity 
e - moment  of  inertia 

2 

dA  = mdvrtD  = mr  (i)da)  = d (mr  —)  = d (-^  u ) 

For  0 = const*  the  average  value  of  A may  be  calculated: 

T 

A f 1 

A 


- ® f 1 r 2 .^1 


duration  of  test 


And  for 


7 

11) 

rms 


/ 


dt 


A = 


0 

2 

li) 

rms 


For  6 s const,  and  for  nearly  constant  friction  loads  (to  be  assumed  for  a nearly  uniform  progress  of  flights 
which  can  be  examined  by  means  of  the  flight  parameters)  and  for  & « 0 the  value  of  may  be  taken  as  a 

relative  measure  for  pilot  workload  caused  by  the  control  of  the  work  A required  to  control  the  helicopter 
in  its  axes. 


What  4o  you  think  about  the  availability  of  an  accurate  indication  of  bank 
angles  below  10  degrees  in  head*up  displays  C and  D? 


required 


C 

C D 

-eo?- 


D 
C D 

-So5- 


unimportant 


Figure  la 


What  do  you  think  about  the  availability  of  a torque  Indicator  in  head-up 
displays  C and  0? 


imperative 


SIGN. 


C D 

-eo5- 


Figure  lb 


not  required 


Figure  1;  Distribution  of  ratings  obtained  for  head-up  displays  C and  D.  SIGN,  s Significant 
dominance  of  ratings  on  one  side  of  the  scale  (p  < 0.05). 
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What  do  you  think  about  the  layout  of  the  bank  indicator  In  head-up 
displays  C and  D compared  to  the  conventional  Instrument? 


D 

D 

C D 
C D 
C D 


C 

C D 

C D 

C D 

D 

- C D 

C D 

Display  C 
is  easier 

resD.  D CqD 
to  read 

£o5— - 

^oe— - 

^oP— - 

.....PoD 

Conventional  instru- 
ment is  easier  to 
read 

Figure  2a 


What  do  you  think  about  the  layout  of  the  torque  indicator  In  head-up 
displays  C and  D compared  to  the  conventional  instrument? 


D 

D 

C D 

CD  C 

CD  C C 

Display  C resp.  D C^p CqD C^D. 

is  easier  to  read 


C D 
C D 

D CD 

CD  CD 

CD  C.D  Conventional  instru 

-0  0 easier  to 

read 


Figure  2b 


Figure  2;  Distribution  of  ratings  obtained  for  head-up  displays  C and  D. 
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What  do  you  think  about  the  availability  of  the  lateral  steering  command  in 
head-up  display  D? 


D 

f> 

D 

D 

D 

D D 

D D 

D D 

ODD 

very  useful  0“- 0--- — 0------ 0-- -0  unimportant 

SIGN. 


figure  3; 


Distribution  of  ratings  obtained  for  head-up  display  D.  SIGN, 
dominance  of  ratings  on  one  side  of  the  scale  (p  < 0,05). 


Significant 


Figure  4:  Combination  of  instrument  displays  and  an  image  of  the  terrain  ahead 
of  the  helicopter  in  a head-down  display. 
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rms  error  of  alignment  (mrad) 

night 

Display  C 

Test 

Display  D 

Simul 

Display  C 

at  ion 

Display  D 

32. b 

29.1 

30.6 

7.5 

rms  error  of  pedal 
movements  (mrad) 

33 

83 

number  of  pedal 
reversals 

13 

70 

Table  1:  Comparison  of  the  alignment  of  the  helicopter  with  a target 
employing  head-up  displays  C and  D,  the  latter  presenting 
a lateral  steering  command. 


Parameter 

Dimension 

VMC 

Simulated 

Error 

IMC 

Probability 

•p 

deg. 

-1.5 

-2.7 

o 

0 

o 

V 

2 

U) 

x,rms 

(deg/s)^ 

0.06 

1.72 

^,rms 

(if 

M 

0.73 

0.91 

tf 

1.02 

1.17 

- 

Zarms 

r2 

'P.u, 

- 

0.52 

0.39 

A 

h-> 

0 

o 

o 

1 

Table  2:  Comparison  of  parameter  means  obtained  from  flights  on  a known  course 
under  VMC  and  simulated  IHC  using  the  head-down  display. 
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Parameter 

Dimension 

Level  Terrain 

Undulated 

Terrain 

error  Probability 

<p 

deg 

-2.2 

-2.1 

- 

2 

OJ 

x,rms 

(deg/s)^ 

0.76 

1.02 

- 

y ,nT»s 

0.7b 

0.87 

< 5 % 

2 .rtns 

0.91 

1.28 

< 2 °/oo 

0.46 

0.46 

Table  3:  Comparison  of  parameter  means  obtained  from  flights  over  level  and  undulated 
terrain  on  a known  course  irrespective  of  the  flight  conditions,  i.e.  VHC  or 
simulated  IHC  using  the  head-lown  display. 


Parameter 

Dimension 

Knovm  Course 

Unknown  Course 

Error  Probability 

deg 

-2.7 

-3.4 

- 

2 

U) 

x.rms 

(deg/s)^ 

1.72 

0.04 

< 2 % 

Y,rms 

0.91 

1.06 

- 

J 

z ,rms 

II 

1.17 

3.10 

< 2 % 

r2 

0.39 

0.54 

< 5 % 

Table  4;  Comparison  of  parameter  means  obtained  from  flights  under  simulated  IHC  on  known 
and  unknown  courses  using  the  head-down  display. 
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DISCUSSION 


D.W.Jahns:  You  indicated  that  you  went  to  subjective  measures  because  of  all  the  natural  tendencies  in  the  field  of  not 
being  able  to  qualify  the  areas  you  might  be  interested  in.  You  indicated  that  the  subjective  ratings  were  discriminated 
as  well,  1 am  wondering  whether  you  might  not  agree  that  subjective  variability  and  reliability  tend  to  be  somewhat 
larger  than  what  we  normally  find  in  our  objective  measures.  So,  to  draw  conclusions  regarding  display  design,  from 
objective  measures  where  we  don’t  have  a measure  of  the  reliability  although  we  are  fully  aware  that  sometimes  we 
have  to  rely  on  it  because  it’s  the  only  thing  we  can  get.  But  1 would  submit  that  at  all  times  we  should  try  to  augment 
it  by  lield  test  once  we  have  established  new  designs  for  these  displays.  The  same  thing  really  applies  to  your  comment 
that  the  slide  where  the  simulations  predicted  at  1.5  milliradient  and  the  test  actually  show  29  and  that  this  may  have 
been  done  into  the  training.  The  trainings  effect  could  also  be  such  that  it  would  not  discriminate  between  the  two 
techniques  either.  So  what  could  you  expect  from  a training  type  approach  to  display  design  introducing  workload. 


R. Beyer:  Well  the  point  I would  like  to  make  is  that  of  course  one  can’t  think  and  vary  a leveled  experiment  and  we 
would  also  like  to  have  better  experimental  conditions;  but,  in  first  case,  where  we  had  only  a week  to  give  some 
insight  into  the  head-up  display,  the  only  measure  which  was  available  was  the  subjective  ratings  of  the  pilot.  So 
we  had  no  other  means  to  get  any  information,  it  was  not  possible  to  instal  any  sensor  into  the  helicopter  and  so  forth. 
Once  we  have  obtained  these  ratings,  then  we  have  to  test  the  outcomes  whether  we  have  a dominance  on  one  side  of 
the  scale.  Of  course  there  is  a variability  and  the  outcomes  might  be  somewhat  different  if  we  have  a large  period  of 
training  and  so  forth.  But  in  this  case,  I think  it  was  the  optimum  solution  because  we  obtained  statistically  significant 
results,  we  also  showed  some  operation  relevance.  But  of  course  this  is  no  current  basis  for  any  display  development 
and  one  has  to  plan  an  appropriate  experiment  then  to  go  into  the  details.  But  for  this  situation  and  this  was  the  point 
I wanted  to  make  it  was  the  best  method  to  obtain  results  under  these  conditions.  Now  the  other  thing,  the  simulations, 
of  course,  it  is  not  very  brilliant  to  present  results  we  admit  that  you  predict  a high  performance  of  7,5  miliradians  and 
in  flight  the  pulse  achieves  only  30  milliradians.  But  again  the  point  is;  we  predict  what  could  be  theoretically 
possible,  but  we  excluded  the  operational  environment  in  that,  we  simulated  only  this  alignment  task  and  not  the  real 
mission,  so,  what  we  predict  then  theoretically  is  possible  to  get  an  improvement  of  about  factor  four,  but  in  practice 
we  would  assess  these  improvements  in  the  order  of  2,  and  this  is  now  the  basis  for  an  experiment  in  this  direction. 

So,  I would  recommend  not  to  hesitate  to  apply  these  methods,  because  they  are  economic  in  order  to  set  up  a larger 
experiment  later  on  rather  than  go  into  a large  experiment  without  any  findings  of  this  kind. 

I 

Discussion  between  M. A. Lees  and  R. Beyer  cannot  be  read  because  recorder  too  bad.  Apologies  of  the  editor. 


? 
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AIRCREW  FATIGUE  IN  NONSTOP,  TRANSOCEANIC  TACTICAL  DEPLOYMENTS 
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Crew  Technology  Division 
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SUMMARY 

The  central  issue  addressed  by  this  study  was  operational  effectiveness  following  long-range  deploy- 
ment. Stress  and  fatigue  were  evaluated  in  F-4D  crews  before  and  after  flying  nonstop,  transoceanic 
deployments  from  New  Mexico  to  Germany  and  return.  The  measurement  battery  consisted  of  subjective 
fatigue  ratings,  self  ratings  of  fitness  to  fly,  sleep  logs,  and  biochemical  analyses  of  urine  samples  for 
norepinephrine,  epinephrine,  17-hydroxycort1costeroids,  urea,  sodium,  and  potassium.  The  magnitude  and 
the  consistency  of  behavioral  and  physiological  changes  indicated  the  occurrence  of  mild  fatigue  irmedi- 
ately  after  both  flights.  The  fatigue  was  acute  and  was  ameliorated  by  one  uninterrupted  sleep  period. 

INTRODUCTION 

Nonstop,  long-range  deployment  Imposes  unique  stresses  upon  tactical  fighter  crews  and,  therefore, 
constitutes  an  area  of  special  biomedical  concern.  Prominent  among  the  deployment  stresses  are  distur- 
bances in  sleep  and  heavy  mission  workloads.  At  the  request  of  the  USAF  Tactical  Air  Command,  a study  of 
aircrew  stress  and  fatigue  associated  with  nonstop,  transoceanic  deployment  was  conducted  by  the  Crew 
Performance  Branch,  USAF  School  of  Aerospace  Medicine  (USAFSAM).  The  objectives  of  the  study  were: 

(1)  to  quantify  the  magnitude  of  psychophysiologic  disruption  due  to  deployment,  and  (2)  to  determine  the 
time  course  of  recovery.  The  central  issue  was  reduced  fitness  to  fly,  with  its  concomitant  compromises 
in  flying  safety  and  operational  effectiveness.  Operation  Crested  Cap,  an  annual  NATO  exercise,  served 
as  a vehicle  for  the  study.  In  support  of  Crested  Cap  75,  F-4D  crews  of  the  49th  Tactical  Fighter  Wing, 
Holloman  AFB,  New  Mexico,  flew  nonstop  to  Hahn  AB,  Germany,  on  6 September  1975,  and  returned  nonstop  to 
Holloman  AFB  on  6 October  1975. 

METHOD 

Two  study  periods  were  employed.  They  centered  on  the  deployment  from  New  Mexico  to  Germany 
(25  August-11  September  1975)  and  the  return  deployment  (redeployment)  back  to  New  Mexico  (2-9  October 
1975).  Each  of  the  study  periods  consisted  of  a predeployment  phase,  a one-day  flight  phase,  and  a post- 
deployment recovery  phase.  The  dates  and  days  comprising  each  phase  are  presented  in  Table  I.  Data  were 
not  collected  on  the  19th  through  the  38th  day  (12  September-1  October  1975). 

Deployment  takeoff  from  Holloman  AFB  occurred  during  the  evening  of  the  12th  day  (5  September).  Four 
cells  of  four  aircraft  each  departed  between  2100  and  2300.  This  takeoff  time  was  determined  by  the  de- 
sirability of  arriving  at  Hahn  AB  at  approximately  1600  local  German  time.  The  time  differential  between 
Holloman  AFB  and  Hahn  AB  is  eight  hours  and  the  airborne  deployment  time  was  11-12  hours.  Days  12  and  13 
were  each  less  than  24  hours  for  the  crews  due  to  the  eastward  travel.  In  an  attempt  to  compensate  for 
the  evening  takeoff  time,  crewmen  were  encouraged  by  their  conmanders  to  remain  awake  the  night  of  4 
September  and  were  required  to  report  to  a holding  barracks  at  0600  the  morning  of  5 September,  where 
they  were  provided  sleeping  quarters  until  being  released  at  about  1600  for  preflight  preparation.  The 
success  and  usefulness  of  this  procedure  will  not  be  evaluated  In  this  report.  A wide  range  of  sleeping 
behaviors  was  observed  during  the  24  hours  preceding  deployment  takeoff.  Redeployment  takeoff  occurred 
between  0900  and  1100  local  German  time  on  the  43rd  day  (6  October)  and,  therefore,  followed  a normal 
night's  sleep;  arrival  at  Holloman  AFB  was  between  1400  and  1600  New  Mexico  time.  Both  the  Hahn  AB 
takeoff  and  the  Holloman  AFB  landing  occurred  on  day  43,  which  was  a 32-hour  day  for  the  crevenen  because 
of  the  westward  travel.  Each  deployment  required  six  air-to-air  refuelings. 

The  crew  of  an  F-4D  is  comprised  of  a pilot  and  a weapon  system  officer  (WSO).  Ten  pilots  and  ten 
WSOs  of  the  8th  Tactical  Fighter  Squadron  participated  In  the  tudy.  The  crewmen  ranged  in  age  from 
25  to  32  years.  Total  flying  hours  ranged  from  475  to  2400;  flying  hours  in  the  F-4,  65  to  1700.  Six 
of  the  crewmen  had  participated  previously  in  one  or  two  transoceanic  deployments.  The  measurement 
battery  was  designed  to  meet  the  requirement  for  minimum  Interference  with  crew  duties.  It  consisted  of 
subjective  fatigue  ratings,  sleep  logs,  self  ratings  on  a modified  Cooper-Harper  scale  on  fitness-to-fly , 
and  biochemical  analyses  of  urine  samples.  Except  for  the  fitness-to-fly  ratings,  an  extensive  data  base 
has  been  developed  for  these  measures  in  past  USAFSAM  studies  on  a wide  range  of  flying  activities  (2,  5, 

6,  7,  8,  9,  12,  13). 

Subjective  fatigue  scores  may  range  from  0 to  20  with  lower  scores  Indicating  self  ratings  of  greater 
fatigue.  The  flying  fitness  scale  ranges  from  0 to  10,  with  lower  scores  Indicating  self  estimates  of 
reduced  fitness  to  fly.  The  urine  samples  were  analyzed  for  (1)  norepinephrine,  an  Index  of  sympathetic 
nervous  system  activity,  (2)  epinephrine,  adrenomedullary  activity,  (3)  17-hydroxycorti costeroids  (17-OHCS), 
adrenocortical  activity,  (4)  urea,  protein  catabolism,  (5)  sodium,  and  (6)  potassium,  indices  of  mineral 
metabolism.  Urinary  creatinine,  a correlate  of  lean  body  mass,  was  used  as  an  adjusting  factor  to  minimize 
the  influences  of  subject  body  size  and  age.  Each  urinary  measure  was  expressed  as  a quantity  per  100  mg 
creatinine  (6).  Moreover,  precise  timing  of  urine  collections  is  unnecessary  when  creatinine-based  ratios 
are  employed.  During  the  pre  and  post  phases  of  both  deployments,  questionnaire  data  and  urine  samples 
were  collected  routinely  by  each  crewman  upon  arising  each  morning.  Flight  day  data  were  collected  within 
two  hours  of  landing  after  each  transoceanic  deployment.  The  urine  samples  were  mixed  with  a preservative 
(1.6  normal  HC1  acid),  inmedlately  refrigerated,  and  frozen  within  12  hours  for  later  biochemical  analyses. 
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RESULTS 

The  data  from  ten  pilots  and  eight  WSOs  were  submitted  to  analysis  of  variance,  although  some  data 
were  missing  on  some  days.  The  data  were  excluded  for  two  WSOs  who  did  not  take  part  in  the  redeployment. 
The  .05  significance  level  was  used  for  all  mean  comparisons.  The  behavioral  measures  were  analyzed  in 
original  units,  while  the  urine  measures  were  analyzed  using  log  transformation. 

Behavioral  measures.  Where  possible,  the  average  of  three  days'  data  was  used  to  improve  the  stabili- 
ty of  the  data.  The  mean  values  for  the  averages  of  days  3-5  and  days  9-11  provided  two  estimates  of  base- 
line levels  prior  to  deployment  from  Holloman  AFB.  The  behavioral  measures  were  unchanged  between  these 
two  periods  of  time  (Fig.  1).  The  crewmen  slept  a little  more  than  eight  hours  per  night  and  their  sub- 
jective fatigue  scores  indicated  they  were  well  rested  and  alert.  The  flying  fitness  scores  were  consis- 
tently high,  supporting  the  fatigue  data. 

The  immediate  postflight  data,  collected  within  two  hours  of  landing  in  Germany  on  day  13,  were  com- 
pared wi ;h  the  mean  baseline  data  of  days  9-11.  The  1600  Germany  landing  time  corresponded  to  an  0800 
New  Mexico  time.  Thus  this  comparison  was  controlled  for  time-of-day,  as  the  crewmen  were  still  entrained 
to  New  Mexico  time  when  the  day-13  data  were  collected.  A 34%  decrease  in  subjective  fatigue  scores 
(indicating  feelings  of  greater  fatigue)  and  a 37%  decrease  in  self  estimates  of  flying  fitness  (P  < .001 
in  both  cases)  were  reported  after  the  IB-hour  transoceanic  flight.  No  sleep  occurred  between  departure 
from  New  Mexico  on  day  12  and  arrival  in  Germany  on  day  13. 

The  crewmen  slept  an  average  of  12  hours  during  the  first  sleep  period  in  Germany,  a 41%  increase 
over  the  baseline  sleep  times.  Following  this  initial  rest  period  (day  14)  the  subjective  fatigue  and 
fitness  scores  were  50%  or  more  recovered.  Days  16-18  represent  the  third,  fourth,  and  fifth  complete 
days  in  Germany.  Comparing  the  average  data  of  these  three  days  with  the  days  9-11  baseline  data, 
flying  fitness  was  still  significantly  reduced  (P  < .011),  although  only  by  6%.  Hours  slept  and  sub- 
jective fatigue  were  not  statistically  different  from  baseline. 

Days  4I-43a  occurred  after  four  weeks  in  Germany,  with  redeployment  takeoff  occurring  in  the  mid- 
morning of  day  43.  The  average  values  for  days  41-43a  provided  both  an  indication  of  adjustment  to 
local  German  time  and  a baseline  reference  for  the  redeployment.  Although  the  percent  differences  were 
small,  significant  reductions  were  present  for  subjective  fatigue  (6%,  P = .045)  and  flying  fitness  (8%, 

P = .005)  when  compared  to  the  days  9-11  baseline.  Average  hours  slept  were  stabilized  at  about  8 hours 
per  night. 

Redeployment  to  New  Mexico  resulted  in  behavioral  changes  similar  to  those  during  deployment,  al- 
though the  magnitude  of  the  changes  was  smaller.  Using  the  mean  values  of  days  41-43a  as  a baseline 
referent  for  comparison  of  the  immediate  postflight  data  collected  on  day  43b,  subjective  fatigue  scores 
were  reduced  by  26%  (P  = .011)  and  flying  fitness  scores  by  16%  (P  = .006).  It  should  be  noted  that  this 
postflight  comparison,  unlike  that  for  deployment,  was  not  controlled  for  time-of-day.  The  1400-1600 
arrival  time  in  New  Mexico  corresponded  to  a local  German  time  of  2200-2400.  An  increase  in  sleep  time 
(24%)  occurred  for  the  first  night  back  in  New  Mexico  (day  44),  lending  credence  to  the  immediate  post- 
flight fatigue  and  fitness  scores.  Redeployment  recovery  data  could  be  collected  for  only  three  days; 
thus  the  aver.ge  of  days  44-46  is  not  directly  comparable  to  the  average  of  days  16-18  following  deploy- 
ment. However,  recovery  means  of  days  44-46  were  compared  with  the  baseline  means  of  days  9-11,  and 
there  were  no  significant  differences  among  the  behavioral  measures.  Compared  to  baseline  values, 
fatigue  scores  were  only  reduced  4%  and  fitness  ratings  were  down  8%.  The  daily  duration  of  sleep 
returned  to  8-9  hours  per  night. 

Urinary  measures.  The  urinary  data  (Figs.  2 and  3)  were  grouped  and  compared  in  the  same  fashion  as 
the  behavioral  data.  In  general,  changes  in  the  catecholamines,  17-OHCS,  and  urea  complemented  the 
behavioral  changes  over  time.  Sodium  and  potassium  revealed  more  complex  changes.  Comparing  the  mean 
data  for  the  two  predeployment  baseline  intervals,  there  was  only  a single  significant  change  over  time. 

A crew  position  X time  interaction  (P  * .040)  in  sodium  output  resulted  from  a low  average  value  among 
WSOs  on  day  10.  This  interaction  was  likely  a chance  occurrence,  and  emphasized  the  need  for  averaging 
over  days  when  possible. 

Immediate  postflight  means  on  day  13  were  significantly  elevated  for  epinephrine  (P  < .001),  17-OHCS 
(P  < .001),  and  urea  (P  = .005).  Crew  position  X time  interaction  occurred  for  norepinephrine  (P  = .035) 
and  potassium  (P  - .024),  with  pilot  and  WSO  urinary  values  for  these  two  measures  being  more  similar 
immediately  after  flight  than  during  baseline  (Table  II).  For  WSOs,  norepinephrine  and  potassium  output 
significantly  increased  (P  < .05),  while  for  pilots,  an  Increase  in  norepinephrine  output  and  a decrease 
In  potassium  output  were  not  statistically  signlHcant.  On  day  14,  after  the  first  night's  sleep  in 
Germany,  the  urinary  measures  revealed  varying  degrees  of  recovery,  except  for  potassium  which  was  even 
more  elevated. 

Coaiparison  of  the  mean  values  for  deployment  recovery  days  16-18  with  the  mean  baseline  values  for 
lays  9-11  resulted  in  an  overall  effect  for  17-OHCS  output  (P  • .011)  and  a crew  position  X time  inter- 
* for  potassium  output  (P  « .035).  Mean  17-OHCS  output  was  lower  during  the  deployment  recovery 
nterval  Pilot  potassium  values  during  recovery  were  considerably  lower  than  their  baseline,  while  WSO 
values  during  recovery  were  moderately  higher  than  their  baseline. 

MMrisen  of  the  deployment  baseline  means  (days  9-11)  with  the  redeployment  baseline  means  (days 
1 « ,«  'odt'ated  that  mean  overall  urea  levels  were  lower  prior  to  redeployment  than  prior  to  deploy- 
•P'*  r I*  A crew  position  X time  interaction  (P  • .034)  occurred  for  norepinephrine,  again  re- 

for  the  WSOs  with  no  concurrent  change  for  the  pilots.  WSO  norepinephrine  output  was 
•••»  ’■•deployment  baseline  in  Germany  than  deployment  baseline  in  New  Mexico,  but  such  compari- 

- -m  a’f'erence  for  pilot  norepinephrine  output.  Iimediate  postflight  values  were  significantly 

*■•■•  Mr'  a 4ia  vs  43b)  for  all  the  urinary  measures  but  potassium  (norepinephrine,  P « .046; 

' JOI.  I7-0NCS,  P • .002;  urea,  P ■ .003;  sodium,  P * .002).  Redeployment  recovery. 
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represented  by  the  mean  values  of  days  44-46  compared  to  the  mean  values  of  days  9-11,  was  evident  for 
all  the  urinary  measures  but  potassium,  which  was  considerably  elevated  (P  • .002).  While  the  absolute 
mean  values  of  norepinephrine  output  during  redeployment  recovery  were  very  similar  for  pilots  and  WSOs, 
a significant  crew  position  X time  Interaction  (P  • .012),  similar  to  those  already  described,  occurred 
for  this  comparison  also.  During  redeployment  recovery,  WSO  norepinephrine  values  were  greater  during 
redeployment  recovery  than  during  deployment  baseline,  while  pilot  norepinephrine  values  were  very  simi- 
lar for  these  two  Intervals. 

Crew  position  effects.  While  the  temporal  changes  In  the  behavioral  and  urinary  measures  provide 
the  relevant  information  for  aircrew  management  during  tactical  deployments,  the  analyses  also  Indicate 
some  significant  main  effects  relating  to  crew  position.  During  the  deployment  baseline  phase,  subjective 
fatigue  (P  = .029)  and  flying  fitness  (P  = .001)  scores  were  consistently  lower  for  pilots  than  for  WSOs, 
although  not  so  low  as  to  require  concern  (Table  II).  Also  during  baseline,  norepinephrine  was  higher 
for  pilots  (P  = .035),  and  potassium  levels  approached  being  significantly  (P  = .051)  higher  for  pilots. 
These  baseline  crew-position  differences  In  norepinephrine  and  potassium  contributed  to  the  several  sig- 
nificant Interactions  Involving  these  measures  when  temporal  comparisons  were  made  between  baseline  and 
later  phases.  The  overall  crew-position  differences  were  also  present  for  fatigue,  fitness,  and  potas- 
sium when  deployment  baseline  means  were  compared  with  redeployment  baseline  means  (P  = .045,  .002,  and 
.049,  respectively)  and  with  redeployment  recovery  means  (P  = .033,  .002,  and  .024,  respectively). 

DISCUSSION 

The  central  issue  addressed  by  this  study  was  operational  effectiveness  following  long-range  deploy- 
ment. While  desynchronization  and  subsequent  entrainment  of  circadian  biorhythms  following  transmeridian 
flight  have  been  well  documented  as  contributing  to  feelings  of  malaise  and  fatigue  (4,  10,  11,  17,  18), 
disrupted  work  and  sleep  schedules  are  factors  of  greater  practical  Importance  In  a tactical  deployment 
(1,  14,  15,  16).  For  the  Crested  Cap  deployments,  both  the  magnitude  and  the  consistency  of  the  behavioral 
and  physiological  changes  indicated  the  occurrence  of  mild  fatigue  imnediately  after  both  flights.  The 
fatigue  was  acute  and  was  ameliorated  by  one  uninterrupted  sleep  period.  Operationally,  this  means  that 
there  are  no  major  problems  with  deployments. 

These  findings  are  supported  by  prior  USAFSAM  studies  of  tactical  operations.  In  an  early  study  to 
appraise  flying  stresses,  several  urinary  measures  had  significant  elevations  for  pilots  after  they  flew 
6-hour  overwater  missions  in  F-100  and  F-104  aircraft  (13).  The  average  physiological  changes  in  pilots 
completing  an  18-hour  flight  in  F-4C  aircraft  were  of  small  magnitude,  and  supported  the  subjective 
feelings  of  the  crewmen  who  did  not  consider  the  flight  difficult  and  did  not  feel  unduly  fatigued 
afterward  (12).  However,  the  urinary  measure  did  differentiate  between  highly  seasoned  and  less  experi- 
enced pilots.  FB-111  crewmembers  (pilot  and  navigator)  flew  8-hour  missions  as  part  of  the  aircraft's 
evaluation  (8).  Both  subjective  fatigue  and  urinary  data  demonstrated  changes  indicative  of  moderate 
stress  and  fatigue,  particularly  during  the  last  four  hours  of  the  flights.  Sleep  on  the  night  following 
the  mission  was  1.5  hours  longer  than  the  night  before  the  mission,  but  returned  to  normal  duration  the 
second  post-mission  night.  Unlike  the  present  results,  there  were  no  differences  related  to  crew  position. 

For  the  Crested  Cap  crewmen,  a positive  factor  contributing  to  both  the  quantity  and  the  quality  of 
the  first  postdeployment  night's  rest  and  sleep  was  the  late  afternoon  arrival  in  Germany.  Allowing  time 
for  debriefing,  billeting,  and  a meal,  the  tired  crewmen  were  in  Immediate  social  synchrony  with  local 
German  time.  The  crewmen  did  not  have  to  try  to  sleep  during  hours  of  economic  and  social  activity  with 
thfc  attendant  distractions  of  sunlight  and  noise.  Although  there  were  some  deviations,  baseline  values 
generally  were  recovered  in  the  third  to  fifth  day  of  postdeployment,  and  were  unchanged  four  weeks  later 
during  the  redeployment  baseline  phase.  While  one  sample  per  day  does  not  permit  analysis  of  circadian 
patterns,  these  findings  are  in  agreement  with  entrainment  rates  of  0.5-1. 5 hours  per  day  to  a new  time 
zone. 


The  redeployment  flight  appeared  to  be  less  stressful  than  the  initial  deployment  flight.  In  addition 
to  the  already  noted  lack  of  correspondence  between  data  sampling  times  before  and  immediately  after  the 
redeployment  flight,  a number  of  factors  are  Important  here.  Redeployment  departure  from  Hahn  AB  occurred 
in  the  morning  after  a normal  night  of  sleep  whereas  deployment  from  Holloman  AFB  occurred  in  the  evening 
after  an  atypical  daytime  sleep  schedule.  Although  findings  are  contradictory  on  the  relative  disruptive- 
ness of  westward  vs.  eastward  travel,  travel  to  home  base  has  often  been  found  to  be  less  disruptive  than 
travel  away  from  home  (1,  10,  16,  17).  Any  combination  of  these  factors  may  have  Influenced  the  findings 
In  this  study. 

Crew  position  differences  seldom  have  been  found  for  any  of  the  measures  being  reported.  When  they 
have  occurred  (2,  5,  6),  the  aircraft  commander's  responses  have  indicated  relatively  greater  mission- 
related  stress  and  fatigue  than  have  the  other  crewmembers'  responses.  These  findings  have  been  inter- 
preted as  being  related  to  the  commander's  substantial  responsibility.  The  behavioral  (subjective 
fatigue  and  flying  fitness)  and  endocrine/metabolic  (norepinephrine  and  potassium)  differences  between 
the  F-4D  pilots  and  WSOs  In  this  study  also  Indicated  that  greater  levels  of  stress  and  fatigue  were 
experienced  by  the  aircraft  commander  (pilot).  In  this  Instance,  however,  the  findings  primarily  re- 
sulted from  statistical  differences  occurring  during  the  baseline  period  preceding  the  deployment  flight 
and  were  supported  by  similar  differences  during  the  redeployment  baseline  and  recovery  periods.  There 
were  no  differences  between  pilots  and  WSOs  Immediately  after  completion  of  the  deployments,  as  both  crew 
positions  reported  depressed  fatigue  and  fitness  scores  and  generally  elevated  levels  of  urinary  endocrine/ 
metabolic  output.  The  suggestion  of  chronically  elevated  levels  of  some  of  the  urinary  constituents  in 
pilots  Is  provocative  and  has  been  reported  In  an  earlier  paper  from  this  laboratory  (3).  A probable 
cause  Is  the  substantially  Increased  activity  seen  In  any  wing  prior  to  a major  exercise/test. 

Summarizing,  both  deployments  resulted  In  mild  fatigue.  A performance  decrement  has  not  been  associ- 
ated with  this  level  of  fatigue,  though  obviously  there  is  a potential  for  performance  degradation  In  ex- 
ceptional situations  such  as  high  workload  missions,  extended  periods  of  flying,  or  tasks  requiring  pre- 
cision and  speed.  A commonsense  management  approach  to  deployment  stress  will  help  to  alleviate  the 
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problems  resulting  from  a deployment  from  one  continent  to  another.  The  focus  by  operational  managers 
should  be  on  ensuring  a full  night  of  sleep  in  a good  sleeping  environment,  allowing  a 12-hour  block  of 
time  for  this  purpose.  On  the  day  following  this  sleep  period,  the  crews  will  be  ready  for  a full  schedule 
of  work. 
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Redeployment 


TABLE  I 

DATES  OF  DATA  COLLECTION  FOR  CRESTED  CAP  75 


Phase 

night  t>ost 

25  Aug-5  Sep  6 Sep  7-11  Sep 

(NM:  days  1-12)  (G:  day  13)  (G:  days  14-18) 


2-6  Oct  6 Oct 

(G:  days  39-43a)  (NM:  day  43b) 


7-9  Oct 

(NM:  days  44-46) 


I 


NM  • Holloman  AFB,  New  Mexico;  G • Hahn  AB,  Germany 
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TABLE  II 

MEANS  fOR  MEASURES  HAVING  CREW  POSITION  EFFECTS 


Noreolneohrlnel  Potassium^  Sub.lective  Fatique  Fivinq  Fitness 

Nibt  WSO'  prr3t HSO:  Pilot  USS^  Pilot  WS-g-' 


3,  4,  5 

.276 

.168 

.482 

.339 

13.0 

15.3 

7.5 

9.3 

9,  10,  n 

.360 

.117 

.528 

.332 

12.8 

15.6 

7.6 

9.6 

13 

.453 

.515 

.463 

.440 

8.2 

10.0 

4.7 

6.1 

16.  17.  18 

.241 

.237 

.351 

.391 

12.7 

14.0 

7.3 

8.5 

41.  42,  43a 

.360 

.463 

.447 

.477 

12.2 

12.7 

7.4 

8.2 

43b 

.515 

,562 

.469 

.447 

10.3 

8.9 

6.7 

6.3 

44,  45,  46 

.373 

.363 

.601 

.519 

12.7 

14.3 

7.3 

8.3 

\og^jj  Units 
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CRESTED  CAP  75 


Figure  1.  Mean  values  for  hours  slept,  sub- 
jective fatigue  ratings,  and  flying  fitness 
scores  during  phases  of  deployment  and 
redeployment  In  Crested  Cap  75. 


Figure  2.  Mean  values  for  urinary  levels  of 
norepinephrine,  epinephrine,  and  17-OHCS 
during  phases  of  deployment  and  redeployment 
In  Crested  Cap  75. 
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Figure  3.  Mean  values  for  urinary  levels  of 
urea,  sodium,  and  potassium  during  phases  of 
deployment  and  redeployment  In  Crested  Cap  75. 


DISCUSSION 


C.A.Brictson:  In  view  of  the  similarity  of  most  of  your  biochemical  results  with  subjective  behavioral  results,  what 
are  the  advantages  of  collecting  seemingly  redundant  results? 

Were  any  extremes  noted  in  the  collection  of  biochemical  data  for  any  individual  crew  members? 


B.O.Hartman:  While  there  are  several  non-technical  advantages  to  the  biochemical  battery,  particularly  in  communicating 
with  the  biomedical  community,  the  big  advantage  is  that  the  biochemical  measures  provide  information  on  the  time 
course  for  recovery  which  is  better  qualitatively  and  quantitatively  than  the  behavioral  results. 


H.C.Holloway:  How  did  you  correct  for  time  of  day  effect  in  collecting  urine  samples? 


B.O.Hartman:  Collections  occurred  within  two  hours  of  overseas  deployment.  This  gives  one  confidence  on  the  practical 
effects. 

Given  the  limit  imposed  by  the  operational  environment,  samples  are  reported  at  the  time  of  collection  at  the 
place  where  they  were  collected. 

Operational  constraints  (i.e.  the  requirement  that  the  tests  minimally  disturb  the  working  subjects)  prevented  a 
strict  control  of  time  of  day  effects). 


H.C.Holloway;  Dr.  Hartman  and  this  group  is  to  be  complimented  on  the  report  on  crew  position  effects.  This  is 
extremely  important  data  for  the  understanding  of  workload  on  a crew  or  an  operational  team. 


ENDOCRINE  - METABOLIC  COST  OF  PILOTING  F-104  G AIRCRAFT 
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SUMMARY 

Endocrine  - metabolic  responses  to  flight  stress  were  studied  in  pilots  participating  in 
a training  course  on  the  F-104  G.  All  of  them  were  experienced  jet  pilots,  but  had  never 
flown  the  Starfighter  before.  During  the  course  standardized  50-min  missions  of  differ- 
ent loads  had  to  be  performed.  By  means  of  questionnaires  the  subjective  estimates  of 
instructor  and  student  pilots  with  respect  to  the  demand  of  the  different  types  of 
missions  were  evaluated.  Basing  on  this  subjective  rating,  the  missions  were  devlded  into 
groups  of  "low  demanding"  and  "high  demanding"  flights;  all  night  flights  were  taken  to- 
gether to  a third  group. 

Responses  to  flying  were  evaluated  by  comparing  pre-  and  postflight  levels  of  blood  con- 
stituents, including  1 1 -Hydroxycorticosteroids  (11-OHCS),  Glucose  (BG) , Adenoslnetrl- 
phosphate  (ATP) , Cholesterol  (CH) , and  the  activities  of  three  cell  enzymes  (MDH,  GOT, 

GPT) . From  the  results  the  following  conclusions  were  obtained: 

1.  Flying  the  F-104  G caused  significant  changes  of  most  parameters.  2.  The  blood  consti- 
tuents differed  in  their  work-load  sensitivity:  11-OHCS,  GPT,  and  MDH  proved  to  be  the 
most  sensitive,  GOT,  Cholesterol,  and  ATP  the  most  insensitive  parameters  for  the  load. 

BG  does  not  seem  to  be  an  unequivocal  variable  to  measure  work-load.  Reviewing  the  per- 
tinent literature  and  comparing  the  figures  with  those  obtained  from  studies  with  stan- 
dardized stressors,  the  operational  significance  of  the  results  are  discussed. 

INTRODUCTION 

The  increasing  complexity  of  man-machine  systems  requires  an  adequate  assessment  of 
flight  stress.  Psychological  as  well  as  physiological  parameters  are  necessary  for  a 
comprehensive  appraisal  of  pilot's  workload.  It  is  the  purpose  of  this  paper  to  report 
on  an  investigation  which  was  conducted  with  German  Air  Force  military  jet  pilots.  Blood 
concentrations  of  hormones,  enzyme  activities,  and  other  metabolic  constituents  served 
as  flight  stress  indicators. 

METHODS 

Metabolic  endocrinological  aspects  of  flight  stress  were  studied  in  student  pilots  during 
a training  course  for  the  F-104  G.  All  of  these  were  already  experienced  jet  pilots. 

During  this  training  course  various  missions  with  different  workloads  had  to  be  performed. 
In  order  to  evaluate  the  load  questionnaires  were  given  to  the  instructor  and  student 
pilots.  Basing  on  the  subjective  rating  the  missions  were  divided  into  groups  of  "low 
demanding"  and  "high  demanding"  flights.  In  view  of  the  fact  that  the  parauneters  studied 
in  this  experiment  are  strongly  dependent  on  the  time  of  day  all  night  flights  were  taken 
together  to  a third  group.  The  following  blood  constituents  were  measured:  11-Hydroxy- 
corticosteroids  (11-OHCS),  Glucose  (BG) , Cholesterol  (CH) , Adenosinetriphosphate  (ATP), 
and  the  activities  of  three  cell  enzymes  (MDH,  GOT,  GTP) . The  particular  circumstances 
of  this  field  study  made  it  impossible  to  take  control  values  immediately  before  the 
flights.  Therefore  controls  were  evaluated  from  blood  Sammies  that  were  taken  on  two  non- 
flight  days. 

results  and  discussion 

A summary  of  the  results  is  listed  in  Table  1.  Controls  are  given  in  absolute  units, 
stress  values  have  been  calculated  as  percent  deviation.  From  the  figures  it  can  be 
seen  that  flying  the  F-104  G caused  significant  changes  of  most  blood  parameters.  Com- 
paring the  low  and  the  high  demanding  flights  it  becomes  obvious  that  their  sensitivity 
to  flight  stress  differs  distinctly  (see  also  Figure  1). 

After  low  demanding  flights  there  is  almost  no  change  in  the  concentration  of  the  blood 
constituents  except  for  Glucose  which  Increased  28  4 above  the  preflight  value.  The  high 
demanding  flights  on  the  other  side  caused  significant  changes  of  corticosteroids,  and 
of  the  enzyme  activities  of  MDH  and  GPT.  Surprisingly  a response  of  blood  Glucose  did 
not  occur.  Finally,  Cholesterol  and  GOT  remained  unchanged  as  after  the  low  demanding 
flights.  An  unequivocal  validation  of  the  night  flight  results  at  present  seems  to  be 
difficult  since  at  that  time  of  day  the  influence  of  the  circadian  rhythm  is  extraordi- 
nary high  (see  Figure  2)  . If  all  flights  are  teUcen  together  to  one  group  by  averaging 
the  stress  responses  in  general  are  less  distinct. 
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The  operational  significances  of  flight  stress  responses  are  summarized  In  the  upper 
part  of  Figure  3.  For  comparison  reasons  responses  to  standardized  stresses  are  pre- 
sented In  the  lower  part  of  this  Figure.  The  same  blood  analyses  after  30  minutes  of 
standardized  physical  exercise,  30  minutes  of  acceleration,  and  after  a 30  minutes  low 
pressure  period  were  conducted  In  former  Investigations.  On  the  basis  of  these  experi- 
ments It  can  be  concluded  that  the  flight  stress  responses  In  this  study  were  of  a 
moderate  level. 

From  the  results  of  this  flight  study  It  ceui  be  concluded  that  the  blood  constituents 
differ  In  their  workload  sensitivity:  11-OHCS,  GPT,  and  MDH  proved  to  be  the  most  sen- 
sitive, GOT,  ATP,  and  CH  the  most  Insensitive  parameters.  Finally,  BG  does  not  seem  to 
be  an  unequivocal  variable  to  measure  flight  stress. 
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Table  1 : Mean  pre-  and  postflight  values  (Controls  for  MDH,  GOT,  GPT 

in  mU/ml,  for  ATp,  BG,  CH  in  mg  %,  and  for  11-OHCS  in  ug/100  ml. 
Stress  values  in  percent  of  individual  controls) 
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Figure  2 Variation  of  different  blood  constituents  in 
dependency  from  time  of  day 
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METHODS  TO  ASSESS  PILOT  WORKLOAD  AND  OTHER  TEMPORAL  INDICATORS 
OF  PILOT  PERFORMANCE  EFFECTIVENESS 

Dr,  Clyde  A.  Brictson 
Dunlap  and  Asaociatea,  Inc. 

La  Jolla,  California 

SUMMARY 

A ayatematic  approach  to  define,  meaaure  and  deacribe  how  certain  pilot-related  variablea 
influence  carrier  landing  performance  during  auatained  operationa  ia  briefly  outlined.  Previoua  explor- 
atory reaearch  on  the  interrelationa  between  paychophyaiological  variablea,  pilot  experience  and  perfor- 
mance ia  deacribed.  Pilot  work  activity,  mood  and  aleep  are  identified  aa  indicatora  of  a pilot'a  temporal 
atate  of  readineaa.  A field  atudy  deaign  and  techniquea  to  meaaure  and  deacribe  temporal  readineaa 
during  prolonged  flight  operationa  are  provided  to  demonatrate  the  methodology  in  an  operational  environ- 
ment. Potential  applicationa  of  the  reaearch  are  diacuaaed  along  with  the  future  role  of  temporal,  paycho- 
logical  and  other  moderator  variablea  in  eatimating  pilot  flight  atatua. 


INTRODUCTION 

Preliminary  interdiaciplinary  fleet  atudiea  of  Navy  pilot  performance  during  prolonged  perioda  of 
carrier  flying  have  recently  been  completed  (1,2).  Reaulta  of  thoae  atudiea  indicate  that  changea  in  cer- 
tain paychophyaiological  variablea  can  be  related  to  variationa  in  pilot  landing  performance.  A atatia- 
tically  aignificant  multiple  R of  . 84  (n  = 26,  p < , 01)  waa  obtained  with  four  predictor  variablea  which 
accounted  for  aixtyrfour  percent  of  the  performance  criterion  variance. 

Aviation  performance  effectiveneaa  waa  defined  and  atandardized  for  the  carrier  operationa  by  uae 
of  a previoualy  validated  Landing  Performance  Score  (LPS)  criterion.  In  the  carrier  atudiea  three  baaic 
meaaurea  were  uaed  to  deacribe  the  pilot  environment.  Firat,  meaaurea  of  pilot  landing  performance 
were  recorded  during  a nine-month  combat  deployment  off  the  Viet  Nam  coaat.  Second,  phyaiological 
meaaurea  of  atreaa  aa  indicated  by  blood  biochemiatry  were  obtained  during  four  time  perioda  of  the 
combat  cruiae  to  deacribe  pilot  reactiona  to  variationa  in  flight  work  load.  A third  category  of  pilot- 
related  variablea  waa  that  of  aleep,  pilot  emotionality  and  pilot  experience  data.  Pilot  mood  data  were 
collected  concurrent  with  biochemical  data  (four  time  a);  aleep  data  were  obtained  during  one  aeven  day 
cruiae  period;  and  pilot  experience  and  biographical  information  were  initially  collected  prior  to  the 
cruiae  to  obtain  baaeline  eatimatea  of  pilot  background  information,  Thoae  variablea  formed  the  baaia 
of  a meaaurement  acheme  deaigned  to  integrate  performance,  phyaiological,  paychological,  aleep  and 
experience  data  into  a comprehenaive  deacription  of  the  influence  of  a combat  environment  on  Navy 
fighter  pilota. 

The  practical  aignificance  of  the  combat  environment  reaearch  liea  in  the  ayatematic  attempt  to 
define,  categorize  and  meaaure  a hoat  of  interrelated  variablea  that  have  been  uaed  in  other  reaearch 
atudiea  but  which  to  our  knowledge  have  not  been  combined  and  uaed  to  deacribe  individual  or  collective 
atreaa  effecta  for  the  aame  aample  of  pilota. 

The  reaearch  approach  waa  exploratory  in  nature  and  repreaented  a preliminary  inveatigation  of 
over  60  variablea  that  wdre  thought  to  bo  of  potential  intereat  in  medically  defining  the  combat  environ- 
ment for  highly  trained  Navy  pilota.  From  a hoat  of  variablea  we  reduced  the  number  to  a more  manage- 
able and  meaningful  Uat  in  order  to  promote  paraimony  and  a better  graap  of  the  interrelationa  between 
atreaa,  aleep,  workload,  mood,  experience  and  pilot  performance  effectivenaa. 

Conaiderable  time  and  analyaia  were  given  to  the  aearch  for  meaningful  variablea  that  could  be 
uaed  to  reflect  variationa  in  pilot  performance.  A practical  rather  than  purely  theoretical  method  waa 
uaed.  Ultimately,  we  wanted  to  identify  an  eaaily  applied  technique  that  could  be  uaed  by  flight  aurgeona 
to  determine  reliably  the  flight  atatua  of  pilota  operating  in  atreaaful  environmenta.  Realiatically,  we 
know  thia  waa  not  accompliahed  eaaily  or  overnight.  However,  baaed  on  the  firat  atudy,  we  are  confident 
that  combined  and  integrated  aeta  of  data  collected  on  the  aame  group  of  pilota  during  a carrier  deploy- 
ment will  provide  a better  underatanding,  inaight  and  identification  of  important  variablea  that  may  prove 
uaeful  to  flight  aurgeona  in  eatimating  pilot  readineaa  to  perform  operationally  required  miaaiona  in  atrea- 
aful environmenta. 

The  general  concluaiona  of  the  preliminary  atudy  aupport  the  contention  that  integrated  aeta  of 
pilot  experience  data,  paychological  teat  data  and  meaaurea  of  a pilot'a  temporal  atate  of  readineaa  (aleep, 
mood,  workload)  can  be  related  to  pilot  performance  effectiveneaa.  Collected  concurrently  with  a valid 
and  reliable  criterion  of  pilot  performance  they  appear  to  be  a promiaing  approach  to  underatanding  and 
predicting  the  influence  of  prolonged,  atreaaful  operationa  on  pilot  flight  performance. 

While  the  reaulta  provide  aignificant  atatiatical  reaulta,  we  now  believe  that  refined  data  collec- 
tion procedurea  and  more  atringent  integration  of  the  data  which  reflecta  a pilot'a  ao-called  temporal 
atate  of  readineaa  with  performance  will  reault  in  meaaurea  more  aenaitive  to  pilot  performance  varia- 
tion, aapecially  in  the  night  carrier  landing  environment.  In  retroapect,  the  firat  atudy  did  not  provide 
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for  concurrent  and  simultaneoua  data  collection  across  mood,  sleep  and  workload  moderator  variables. 
Those  variables  reflect  a pilot's  shifting,  time  oriented  state  of  arousal  to  perform  a particular  task 
such  as  flying  and  landing  a jet  aircraft.  By  careful  revision  of  the  field  data  collection  requirements 
and  by  incorporation  of  several  additional  predictor  variables  an  efficient  cross  validation  study  can  now 
be  undertaken  to  verify  and  further  explore  the  use  of  moderator  variables  as  predictors  of  pilot  fleet 
performance  effectiveness. 

This  paper  outlines  a systematic  method  to  carry  out  an  operational  study  of  pilot  workload  and 
other  temporal  indicators  which  influence  pilot  performance  in  a fleet  environment. 

MEASUREMENT  AND  PREDICTION  OF  COMBAT  ENVIRONMENT  PILOT  PERFORMANCE 

The  results  of  the  previous  research  were  summarized  in  three  separate  reports  (3,  4,  5)  which 
were  presented  to  a group  of  NATO-AGARD  scientists  who  attended  a conference  on  Simulation  and  Study 
of  High  Workload  held  in  Oslo,  Norway  in  April  1974. 

Briefly,  we  found  that  pilot  landing  performance  could  be  measured  and  collected  longitudinally  to 
describe  variations  in  pilot  effectiveness  as  a function  of  day  and  night  operations.  A method  for  com- 
paring squadrons,  air  wings  and  individual  pilots  in  terms  of  landing  performance  was'established  as 
feasible  and  operationally  useful  as  an  index  of  pilot  performance.  Landing  Performance  Scores(LPS) 
can  be  collected  and  analyzed  to  identify  high  and  low  proficiency  pilots,  potential  night  pilots,  night  per- 
formance decrement  as  a function  of  days  since  last  landing,  the  effects  of  variable  length  line  periods, 
and  as  a diagnostic  feedback  technique  for  improved  pilot  effectiveness.  Perhaps  the  most  practical 
application  of  the  LPS  is  its  use  as  a criterion  to  evaluate  pilot  proficiency. 

To  depict  how  temporal  predictor  variables  interact  during  combat  performance  a simplified 
model  was  developed  to  account  for  the  interrelations  we  encountered  in  the  data.  That  model  is  shown 
in  Figure  1. 


PILOT 

EXPERIENCE 


Figure  1.  Pilot  behavior  arousal  model  predicting  landing  performance  from  measures 
of  biochemistry,  sleep,  mood  emotions  and  experience. 

In  our  investigations  we  found  that  pilot  landing  performance  could  be  predicted  from  a relatively  small 
array  of  variables  with  various  levels  of  success  for  different  operationally  defined  pilot  workloads. 

Five  out  of  six  multiple  correlations  were  significant  at  the  . 05,  or  . 01  level  ranging  from  a high  of 
R = . 84,  n = 25  (p  < . 01)  to  a low  of  R = . 63  (p  < . 05)  as  shown  in  Figure  2.  The  variables  were 
arranged  in  the  model  for  descriptive  and  integrative  rather  than  predictive  purposes.  In  general,  the 
most  Influential  variable  was  pilot  experience  in  the  form  of  specific  pilot  flight  hours  in  the  F4J  aircraft. 
Less  important  in  the  overall  prediction  of  pilot  landing  performance  were  measures  of  mood.  Feelings 
of  depression  and  anger  were  found  to  be  the  only  mood  variables  sensitive  to  pilot  performance  fluctu- 
ations. 

The  model  serves  to  depict  sequentially  the  interactive  effects  we  obtit  ned  from  our  data  analysis. 
We  found  that  a combat  situation  results  in  a pilot  arousal  level  that  is  influenced  not  only  by  sleep  but 
also  by  a pilot's  specific  aircraft  experience.  Both  variables  intervene  in  a complex  manner  to  affect  a 
pilot's  emotional  level  and  blood  biochemistry.  Specific  arousal  levels  ware  measured  and  described  as 
a function  of  changes  in  sleep,  workload  and  emotionality  from  baseline  pilot  data  recorded  during  a non- 
stress period.  This  result  is  reminiscent  of  Kelson's  (6)  theory  of  adaptation  where  changes  in  moon  or 
affective  levels  would  be  reflected  in  behavior  performance  changes  in  a given  combat  situation.  In  addi- 
tion, relative  pilot  experience  appears  to  influence  a pilot's  initial  capability  to  perform  effectvely  early 
in  the  cruise. 
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Figure  2.  Summary  of  prediction  of  pilot  landing  performance  from 
biochemical,  mood  and  experience  data. 


At  preaent,  the  model  ia  auggeative  of  macroscopic  interrelations  between  variables  which  can  be 
utilized  for  data  categorization  in  any  future  efforts. 

In  summary,  pilot  adaptation  to  stress  which  accumulates  during  prolonged  flight  operations 
appears  to  be  facilitated  by  experience.  As  cumulative  workload  increases  for  experienced  pilots  they 
sustain  a high  level  of  performance  while  decreasing  their  cholesterol  and  feelings  of  depression.  For 
inexperienced  pilots  as  workload  increases  they  improve  their  landing  performance  at  a coat  of  continuing 
high  levels  of  cholesterol  and  feelings  of  depression  and  fear.  The  increase  in  inexperienced  pilot  per- 
formance is  obtained  at  a greater  physiological  and  emotional  cost  than  that  reflected  by  identical  mea- 
sures for  experienced  pilots.  For  experienced  pilots  the  adaptation  to  cumulative  performance  demands 
apparently  results  in  a gradual  decline  in  biochemical  and  emotional  expenditure.  It  is  as  if  pilots  with 
experience  adapt  to  stresaasd  high  workload  while  maintaining  high  performance.  Inexperienced  pilots, 
on  the  other  hand,  seem  to  require  greater  physiological  and  emotional  energy  to  acquire  the  same  per- 
formance as  experienced  aviators. 

The  study  of  naval  aviators  during  prolonged  combat  operations  indicates  that  pilots  do  not  exper- 
ience any  total  sleep  loss  compared  to  the  crew.  However,  pilot  sleep  is  more  irregular  and  fragmented 
with  sleep  occurring  on  the  average  at  12  hour  intervals  compared  with  a crew  average  of  16  hours. 
Periods  of  wakefulness  were  20  percent  shorter  for  pilots  than  non-aviators.  During  the  cruise  the  nor- 
mal 16/8  wake-sleep  cycle  was  disrupted  for  pilots  who  averaged  only  12  hours  between  sleep  cycles. 

As  cumulative  workload  increased  pilot  sleep  became  more  irregular,  and  the  more  irregular  the  sleep 
the  lower  the  day  landing  performance  for  the  pilots. 

Of  considerable  interest  to  us  was  the  realization  that  a large  scale,  interdisciplinary  field  study 
of  a military  population  in  an  operational  setting  could  be  undertaken  and  successfully  carried  out.  The 
research  method  outlined  here  uses  information  from  the  first  study  and  presents  a more  comprehensive 
scheme  with  which  to  verify  some  of  the  initial  results.  Specifically: 

1,  The  data  collection  scheme  is  more  systematic  after  a trial  run. 

2,  The  potential  relations  we  found  between  variables  will  facilitate  analyses  and 
evaluation  of  future  data. 

3,  Liaison  and  field  coordination  efforts  due  to  the  first  study  would  be  greatly 
facilitated  and  are  recognized  as  crucial  to  data  collection  success. 

4,  Cross-validation  of  the  preliminary  results  would  prove  valuable  to  Navy  medical 
teams  interested  m developing  flight  status  prediction  methods. 


FIELD  STUDY  DESIGN 

The  design  of  the  study  will  closely  follow  the  preliminary  study  except  where  modifications  hav^e 
been  included  to  refine,  integrate  and  revise  the  initial  procedures. 

Other  important  aspects  of  the  study  design  are  briefly  outlined  below.  They  include  data 
requirements,  data  reduction,  analysis  and  evaluation. 

Data  Collection  Requirements 

Data  collection  requirements  will  stress  the  need  for  measures  of  pilot  performance,  and 
measures  of  temporal  states  of  readiness  (sleep,  mood,  workload)  plus  pilot  experience  and  psychologi- 
cal test  data.  Efficient  data  collection  and  integration  across  various  moderator  variables  is  planned. 

For  example,  we  plan  coordinated  data  collection  to  minimize  at  sea  interference  with  normal  operations. 
Baseline  data  such  as  pilot  experience  and  psychological  test  data  will  be  collected  ashore.  Also,  a sub- 
jective sleep  log  will  be  revised  to  include  entries  on  work  activity  cycles  such  as  watches,  meals, 
briefings,  etc.  . in  order  to  chart  work,  sleep,  meal  and  other  activity  variations  in  relation  to  flying 
duties.  Subjective  pilot  estimates  of  workload  may  also  be  covered  in  the  activity  charts  in  order  to 
parallel  the  pioneering  work  of  Nicholson  in  studying  work-rest  cycles  of  transport  aircrews  (7,  8). 

The  mood  scale  consists  of  a 40-item  adjective  checklist  depicting  six  mood  scales:  happiness,  depres- 
sion, activity,  fear,  anger  and  fatique.  The  mood  scale  with  well  documented  reliability  and  validities 
in  field  studies  (9),  has  previously  been  used  to  describe  physiological  states  of  generalized  activation 
or  deactivation  (10,  11)  and  sleep  deficit  in  college  students  (12).  We  also  think  it  may  prove  useful  in 
estimating  pilot  sleep  loss.  If  the  utility  and  validity  of  a mood  adjective  check  list  is  verified  in  this 
study,  the  way  may  be  open  for  obtaining  reliable  pilot  self-reports  of  physiological  status  which  could 
be  related  to  pilot  performance  variations  as  measured  by  LPS  data.  Pre-  and  post-flight  performance 
assessment  will  also  be  added  to  the  data  requirements  to  estimate  the  accuracy  of  self  reports  against 
actual  performance  behavior.  A preliminary  study  at  NHRC  indicates  some  relation  between  subjective 
assessment  of  performance  and  physiological  arousal  as  measured  by  the  mood  adjective  checklist. 

Integration  of  the  data  requirements  is  designed  to  provide  information  on  correlations  between 
various  moderator  variables  and  performance  as  well  as  multiple  correlation  prediction  of  pilot  perfor- 
mance. Potentially  the  mood  adjective  checklist  may  provide  data  sensitive  to  sleep,  workload  and  per- 
formance variations  and  hence  allow  parsimony  in  future  fleet  data  collection  efforts.  Out  intention  is 
to  thoroughly  test  its  operational  potential  in  this  study.  An  outline  of  the  moderator  and  temporal  pre- 
dictor variables  and  performance  data  to  be  collected  during  the  study  is  detailed  in  Table  1. 

TABLE  1 

DATA  REQUIREMENTS 

Sample:  N = 50.  F4  and  A7  pilots 

Representative  groups  of  crew  personnel  for  comparative  data. 

Shipboard  Time:  Minimum  two  weeks  embarked  - to  collect  night  landing  data 

Criterion  Measures 

Landing  Performance  Score  (LPS)  Data  (See  Figure  3) 

Minimum  of  twenty  day  and  twenty  night  landings  per  pilot 
LSO  log  books  and  scoring 

Environmental  data  (weather,  sea  state,  etc.) 

Aircraft  data:  type  and  configuration 

Carrier  data:  ship  size,  visual  landing  aids,  accident  rate,  etc. 

Boarding  and  bolter  rate 
Intervals  between  landings 
Mission  type  and  duration 
Flying  cycle  work  load  estimate 

Moderator/Predictor  Variables 

Temporal  States  of  Readiness 

Subjective  Mood  Data  (See  Figure  4) 

Revised  adjective  mood  checklist  and  scoring 
Repeated  measures  pre-  and  post-flight 
Baseline  mood  data  in  transit  or  ashore 
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TABLE  I (continued) 

Moderator /Predictor  Vertablea  (continued) 

Sleep  and  Worlcload  Activity  (See  Figure  4) 

Revised  subjective  sleep  logs 

Two  weeks  of  sleep  pattern  data  per  pilot 

Five  days  baseline  sleep  (non-flying  shipboard) 

Estimates  of  work  - rest  - meal  - activity  cycles 

Pilot  Experience  Data 

Age,  height,  weight,  education 
Aircraft  experience 
Instrument  hours 

Night  hours  • 

Number  of  day/night  carrier  landings 
Accidents  and  incident  s 

Flight  training  grades  and  selection  test  data 
RAG  grades 

Other  Pensacola  personnel  data 

Psychological  Test  Data 

Rod  and  Frame 
Group  Embedded  Figures 
Hidden  Figures 
Perceptual  Speed 
Spatial  Orientation 
Spatial  Visualization 
Visual  Pursuit 
Others  as  specified 


The  procedure  to  be  followed  in  data  collection  will  stress  collection  of  baseline  mood,  sleep  and 
work-rest  data  during  non-flying  transit  periods.  It  is  expected  that  project  personnel  will  be  available 
to  board  the  ship  and  collect  the  vast  majority  of  data  without  unnecessary  delays  such  as  several  short 
term  visits  to  the  ship.  Arrangements  will  be  made  with  local  ship  personnel  to  collect  any  straggler 
data,  and  also  to  provide  local  command  contacts  and  liaison. 

Data  Reduction  and  Analysis 

All  moderator  and  performance  data  will  be  transformed  to  cards  to  facilitate  computer  reduction 
and  analysis.  The  programming  requirements  will  result  in  standard  statistical  descriptive  data  for  all 
variables  and  provide  a correlation  matrix  for  use  in  analyzing  results.  Comparisons  will  be  made 
between  all  sets  of  variables  where  appropriate,  such  as  sleep  versus  mood,  in  order  to  estimate  the 
relative  influence  and  relationships  between  moderator  variables.  Primary  importance  will  focus  on 
cross  validation  of  the  multiple  correlation  obtained  in  the  preliminary  study.  A new  regression  equation 
which  uses  sleep,  mood  and  perceptual  ability  data  as  wall  as  experience  and  workload  variables  to 
estimate  pilot  landing  performance  also  will  be  developed,  especially  for  night  recovery.  Considerable 
analysis  time  will  be  placed  on  obtaining  factual  evidence  on  the  utility  of  the  mood  adjective  checklist  in 
estimating  sleep  loss,  and  ultimately  any  measure  of  association  with  actual  landing  performance. 

RESULTS 

It  is  expected  that  the  reaults  will  include  operational  data  to  substantiate  and  develop  further 
general  hypotheses  regarding  the  role  of  temporal,  psychological  and  moderator  variables  in  determining 
landing  performance  effectiveness.  Descriptive  and  correlational  data  on  pilot  sleep  patterns,  and  mood 
variations  will  also  be  provided.  The  study  will  report  on  the  evaluation  of  various  data  collection  instru- 
ments and  their  potential  use  in  providing  rapid,  objective  means  for  estimating  changes  in  pilot  perfor- 
mance. A system  of  scoring  templates  may  also  be  developed  in  an  attempt  to  describe  moderator 
scoring  formulae  that  will  identify  pilot  sleep  loss,  mood  change  or  other  variations  that  are  found  to  be 
related  to  changee  in  (light  parforn->nca  effectiveness. 


If  the  results  substantiate  some  of  our  preliminary  hypotheses  it  may  be  possible  to  provide 
flight  surgeons  and  operational  commanders  with  more  reliable  methods  to  estimate  pilot  flight  readiness 
during  sustained  carrier  operations. 
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Figure  4,  Example  of  pilot  dally  activity/mood  eheet. 


DAILY  ACTIVITY/MOOD  SHEET 


INSTRUCTIONS:  Please  fill  out  each  mojTtinc  for  the  previous  day's  activities.  The  daily 
activity  chart  below  is  broken  into  1/2  hour  time  blocks.  Place  the  proper 
nuaerical  activity  code  in  each  of  the  blocks  so  that  each  1/2  hour  sepnent 
is  covered  by  some  activity.  Please  draw  lines  from  start  to  stop  of  a code. 


EX/»1PLE: 

DAILY  ACriVm  CODES 


r 

rr 

~ 

7 

7 

7 

Ll 

_ 

± 

JJ 

LL 

lLI 

1.  Flying(cng.start/stop) 

1.  Ihre/Post  i^light  work  [ 

3.  Squadron  tork  Ol 

4.  Eating 

5.  Sleeping  6 Naps 

6.  Exercise  | 

2.  All  Other  Non-Kbrk  [ 

Activity.  2( 


10  11 


DAYTDE 

12  13  14  IS 

NICKT  TIME 


16  17 


20  21  22  23 


01  02  03  04 


05  06 


riow  much  trouble  did  you  have  going  to  sleep  last  night? 

r~l  none  Q slight  Q moderate  Q considerable. 

How  omny  minutes  did  it  take  you  to  fall  asleep  last  night?  . 

Haw  rested  do  you  feel?  □ well  rested  □ slightly  rested  Q moderately  rested  Q not  at  all  rested 


MOOD  QUESTIONNAIRE 

BELOW  IS  A LIST  OF  WORDS  DESCRIBING  MOODS  AND  FEELINGS  INDICATE 

HOW  EACH  WORK  APPLIES  TO  HOW  YOU  FEEL  NOW  BY  MAKING  A HEAVY 

DARK  MARK  BETWEEN  THE  APPROPRIATE  LINES  USING  THE  SCALE  LISTED  BELOW: 


2 ■ Somewhtt  or  slightly 


3 • Mostly  or  germally 


t LO»y 
2 LIV6LY 
3.  IHniTATEO 

4 CONTENTED 
& ACTIVE 

6 RESTFUL 

7 IMPATIENT 

6 MEAN 
• WEARY 

10.  ANXIOUS 


11.  CALM 

1 2 } 

12  BLUE 

1 2 ) 

13.  BURNED  UP 

1 2 3 

E . li 

14  STEADY 

1 2 1 

li  U .: 

15  AFRAID 

0 \ i 

16  HAPPy 

1 2 S 

1 . 3 

17  MISERABLE 

n j 

IB.  ALARMED 

1 1 i 

IB  LAZY 

1 t s 

0 11  1 

20  DROWSY 

1 2 S 

■■  '1  i! 

1 

1 

21 

DOWNCAST 

ll 

C 

f 

1 

!) 

2 

I 

72 

PLEASED 

f: 

1 

2 

S 

23. 

SATISFIED 

1 

t 

2 

S 

24 

DEPRESSED 

11 

1 

II 

1 

1 

s 

25 

ENERGETIC 

1 

t 

8 

1 

S 

26 

CHEERFUL 

1 

1! 

8 

27 

UNEASY 

1 

5 

8 

? 

U 

1 

1 

2B 

GROUCHY 

1 

8 8 

1 

2 

} 

29 

SLUGGISH 

P 

P 

» 

s 

30 

VIGOROUS 

'1 

'1 

31.  ALERT 

1 

f* 

2 3 

E 3 

32  ANNOYED 

1 

8 

2 9 

8 r 

33  SAD 

1 

8 

2 9 

E 8 

34.  HOPELESS 

1 

8 

2 S 

P E 

35  INSECURE 

1 

8 

2 1 

8 '] 

36  JITTERY 

» 

1 

2 t 

8 a 

37.  eOREO 

8 

2 1 

8 0 

3B  TIRED 

1 

8 

2 9 

8 0 

3B  GOOD 

1 

8 

6 8 

40  ANGRY 

1 

J_ 

11 
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SUBJBCTIVK  RATIHOS  OF  FLTIRO  QUALITIKS  AHS  PILOT  WORKLOAD 
IN  THE  OPERATION  OF  A SHORT  HAITL  JET  TRANSPORT  AIRCRAFT. 
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SUMMARY 

A rapraaantative  aampla  of  pllota  employed  by  an  airline  operating  a abort  haul  Jet  tranaport 
aircraft  aaaeaaad  the  aocaptablllty  of  the  oookplt  layout  and  Inatrumantatlon,  the  handling 
quality,  and  the  feaalbillVof  the  ayatem  operation  In  regard  to  the  pllota  workload.  The  aaaeaa- 
■ent  oonalated  of  two  partai  1)  a queatlonnalre  of  8?  fixed  Itema  being  anawered  on  a 7 atep 
rating  aoale.  2)  a seml-atructured  Interview  conceml-ig  19  Itema,  being  anawered  on  tape  recorder. 
The  Juatlfloatlon  to  apply  "aubjactlva"  ratlnga  as  a scientific  method.  Instead  of  measuring 
objectively  the  physiological  and  psychological  reactions  of  the  pilot  la  to  be  seen  In  the  out- 
put i Critical  points  and  favourable  capabilities  of  the  man-machine-system  can  be  evaluated 
economically  and  objectively,  provided  some  premises  are  given. 

Objective  parameters  like  physiological  and  aircraft  performance  data  have  often  failed  as  an 
Independent  Indicator  of  pilot's  work  load  and  system  quality.  Moreover  they  are  very  expensive. 

In  a critical  review  of  the  relevant  literature  It  la  demonstrated,  that  subjective  assessment 
has  turned  out  as  a fairly  valid  and  reliable  mean  for  evaluating  both  man-machine-system  and 
work  load. 

The  premises  arei  Carefully  chosen  questionnaire  and  Interview  strategy,  a well  established 
rating  scale,  and  a sufficient  sample  of  persons  for  statistical  evidence  of  the  data. 

The  method  allows  to  get  direct  Impression  and  recognition  of  the  particular  kinds  of  strain  and 
attention  needed  to  operate  the  system. 


INTRODUCTION 

"If  a measurement  Is  made  on  a physical  object  with  an  Instrument  (nonhuman)  of  some  sort,  the 
measure  Is  an  objective  one  and  the  resulting  data  lie  along  a physical  continuum.  When  an  obser- 
ver estimates  a meaaure.  It  Is  a subjective  Judgment  and  the  estimates  lie  along  a psychological 
continuum"  (19). 

Aeronautical  as  well  as  other  engineering  sciences  need  the  application  of  metric  philosophies 
to  measure  the  physical  conditions  of  a given  system  to  define  and  compare  it  quantitatively 
within  the  aame  dimensions  with  other  systems.  If  the  engineer  la  developing  a man-machine-aystam, 
be  would  of  course  need  to  apply  a quantitative  description  of  the  behavior,  the  functions,  the 
Judgments,  and  the  opinions  of  the  isan  In  the  loop  in  terms  which  are  compatible  even  with  those 
of  the  pbysiosl  aubeyatems. 

Tba  requlramenta  of  auoh  a dascription  should  therefore  fullfil  the  scientific  criteria  of  measu- 
ring dimensions  common  for  both  the  technical  and  human  araaa  likely  to  be  meaaured  objectively, 
being  valid  and  rallabla,  and  possibly  being  a llnasr,  consistent  invariant  and  proportional 
parameter.  So  the  demands  on  the  orlterla  of  a subjectively  assessed  psychological  ocntlnuum  have 
become  more  and  more  a pure  soientiflo  Interest  of  measurement  theories  Instead  of  the  Interest 
of  practicability  and  applicability  cf  an  aasossmant  technique  for  several  purposes  of  relevant 
Judgments. 

OENERAL  OBJECTIONS  AOAINST  THE  SUBJECTIVE  ASSESSMENT  TECHNIQUES. 

There  has  alwaya  been  soma  reaervatlon  against  such  a psychological  continuum  claiming  to  be  a 
respectable  meana  of  meaauring  thlnga  equivalent  to  physical  methods.  McDONNELL  (20)  described 
as  one  of  tba  most  serious  problems  "the  unknown  quantitative  character  of  rating  scales".  In 
fact  tba  pbyaioally  determined  continuum  in  flight  meohanlos  lacks  in  showing  any  definite  crite- 
ria relating  to  the  subjective  feeling  and  rating  of  handling  oharaoterlstios  (10).  One  assesses 
the  acceptability  of  a special  ayatam  obaraotarlatio  but  not  the  oharaotarlatlo  itself.  And 
"unfortunately,  the  current  connections  between  pilot  ratings,  pilot  behavior,  and  vehicle 
oharaoteristlos  are,  at  beat  highly  qualitative"  (19).  And  furthermore  some  Investigators  argue 
that  pilot  ratlnga  about  the  ayatem  qualitiea  would  reflect  the  rating  deoialon  process  itsalf 
during  his  evaluation  and  more  or  lass  the  psraonal  traits  or  the  attitudes  toward  the  rated 
system  Instead  of  the  "real"  ayatem  quality.  And  a more  general  prsjudioe  against  any  subjaotlva 
assessment  says  that  the  result  of  questioning  non  would  only  be  opinions  about  the  ayatem  but 
not  a direct  indication  of  the  system's  impact  Itself  (34). 

The  broad  range  of  inter-  and  intraindividual  diffarenoos  and  tolerances  In  the  wide  fielda  of 
human  sotivitlos,  behaviors  and  feelings  nay  osusa  a great  uncertainty  about  the  human  oapaMlity 
to  work  as  a perfaot  measuring  system.  And  it  is  evident  that  Individual  system  operators  like 
pilots,  ATC-Controllers  and  others  vary  widely  in  their  levels  of  training,  experience,  emotional 
stability,  state  of  attention,  teohnioal  oomprehenslon  of  the  system  functions  and  information 
prooaaalng  of  data  displayed  and  responae  dyMsios  of  the  system. 
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Perhaps  there  Is  sooethin^  like  s hslo-effeot  spinet  the  reel  vslue  of  the  pilot's  subjective 
sssessment  psrticularly  with  respect  to  e remeining  unoarteinty  oonoeming  tfie  overall  likelihood 
of  aan  to  be  influenced  or  manipulated  by  several  intrinsic  or  extrinsic  effects.  Some  persons 
can  not  have  an  unbiased  look  at  the  opinions  of  others  because  they,  as  salf-deaignated  experts, 
regard  their  own  Judgment  as  the  only  correct  one.  "Unfortunately,  there  are  not  two  pilots  who 
can  agree  when  cockpit  layout  la  dlaouased.  Therefore,  the  designer  must  be  a master  in  compromi- 
se since  his  efforts  are  Judged  by  pilot  repreaentativas  before  the  airplane  is  ever  built. 
Therefore,  the  basio  design  must  be  flexible  enough  to  allow  compromise  and  change  at  minimal 
coat  f’-'-m  customer  to  customer"  (JA)* 

This  statement,  made  by  a representative  of  the  aviation  industry  certainly  points  out  the 
urgency  for  improving  the  operator's  assessing  methods  and  for  applying  them  already  within  the 
earliest  phases  of  designing  and  producing  a new  equipment. 

One  of  the  reasons  for  the  often  stated  inter-  and  intraindividual  inconsistency  of  the  pilot's 
opinions  on  the  handling  qualities  of  many  aircraft  systems  is  the  wrong  and  unvalldated  assump- 
tion that  the  rating  scale  is  an  equal  Interval  scale  and  therefore  the  ahr.rp  inflexions  of  the 
ratings  would  represent  the  parameter  of  the  system  alteration.  On  the  contrary  by  using  the 
rankings  of  aircraft  handling  rating  scales,  CORKIKBALE  (7)  and  MBHHBLL  (?3)  c^uld  experimentally 
demonstrate  "that  the  items  did  not  appear  to  be  used  as  an  equal  interval  scale,  nor  were  the 
items  used  in  the  order  in  which  they  are  presented  in  the  scale"  (26). 

Another  point  of  reservation  against  subjective  methods  is  the  insufficient  definition  of  the 
outside  conditions  in  investigation.  In  fact  it  seems  to  be  almost  impossible  to  maintain  stable 
surrounding  conditions  of  a couple  of  flight  missions. 

Nearly  the  same  objections  exist  against  the  subjective  Judging  methods  in  the  field  of  subjective 
assessing  the  different  sensations  of  dynamic  stimuli,  levels  of  comfort,  fatigue,  atraln,  risk, 
work  load, and  other  individual  states  of  feeling!  they  are  basically  unreliable  because  of  the 
widely  different  correlations  between  the  individuals,  situations,  demanding  conditions,  and 
because  of  their  high  proportion  of  indefinite  variances. 


THE  CRITICAL  VIEW  AT  OBJECTIVITY  AS  A MEAEnjREKEHT  CHITERIUM. 

Since  Instrumental  measurement  of  a physical  parameter  is  the  only  objective  method,  from 
the  engineering  point  of  view  it  seems  to  be  worth  quoting  the  general  definition  of  objectivity 
given  by  FLANAGAN  (8)>  "By  objectivity  is  meant  the  tendency  for  a number  of  independent  obser- 
vers to  make  the  same  report",  or  with  a short  term  by  GCILFORD  (ll)i  "Objectivity  means  inter- 
personal agreement",  and  “oi®  generally  by  TRAXEL  (37)  as  the  controllability  of  the  intersubjec- 
tive  agreement  by  determining  the  concordance  coefficient  as  a numeric  equivalent  of  a gradually 
marked  continuum.  So  it  is  evident  that  the  existence  of  a physical  continuum  measured  by  cali- 
brated instruments  may  not  be  the  mein  or  the  only  conditions  for  an  objective  measurement.  And 
furthermore,  a measure  does  not  become  objective  only  because  it  is  quantitatively  determined. 

In  the  fields  of  socalled  objective  measurements  seem  to  be  too  many  expectations  toward  the 
reliability  and  validity  of  the  collected  data  with  respect  to  a certain  criterion.  The  objective 
measurement  itself  does  not  necessarily  guarantee  reliability  or  validity  of  the  data  sample 
(27,  52),  HOVITT  (15)  reminds  "that  although  the  measurements  themselves  may  be  very  precise, 
their  meaning  (in  terms  of  relevance  or  the  total  task  or  the  cost  to  the  pilot)  may  not  be 
precise  nor  oven  very  clear." 

For  measuring  the  physiological  indications  corresponding  with  the  different  states  of  pilot's 
activities,  mental  efforts,  and  levels  of  nsurovsgetative  arousal  there  has  been  done  a lot  of 
useful  work  up  to  today,  though  with  different  results.  The  main  reasons  for  the  doubtful  success 
of  the  physiological  measures  of  workload  are  the  difficulties  of  coping  with  the  changing  con- 
ditions in  the  field  studies  and  of  proving  that  they  really  indicate  a change  in  taak  load  or 
performance.  Most  of  the  particular  physiological  methods  of  measuring  work  load  lack  in  conaia- 
tency  and  reliability  of  the  concerned  parameter.  They  vary  widely  because  of  uncontrollable 
effects  from  situation  to  situaiion,  from  taak  to  task  and  within  the  same  task  from  time  to 
time  (4,  6,  30,  36). 

HOWITT  concluded  in  his  investigations  concerning  the  immediate  work  load,  "there  is  now  evidence 
to  suggest  that  before  long  it  will  be  possible  to  use  physiological  measurements  to  assess  the 
pilot's  level  of  arousal  in  terms  of  those  which  are  optimal  for  the  particular  flying  task".  But 
concerning  the  duty-day  work  load  he  added  "we  do  not  as  yet  have  anything  batter  to  use  than  the 
pilot's  subjective  opinion"  (14). 

"What  is  lacking  at  present,  is  a measure  of  change  of  performance  that  can  be  shown  to  corraspond 

with  these  measured  changes  in  indications  of  arousal  level".  "We  are  left  therefore  with  our 

beat  physiological  measure,  heart  rate,  as  no  more  and  no  leas  than  a useful  tool  for  estimating 

change  of  arousal  level  under  different  circumstances.  It  can  be  used  as  a comparison  but  not  as 

an  absolute  measure  of  workload"  (13).  | 
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THE  LIMITITIONS  OF  OBJECTIVELY  HEASURIRO  METHODS. 

The  applloation  of  the  known  phjraiologloal  maaiuraa  undar  realistic  oonditlone  during  a 
flight  mlasion  ia  limited  by  reaeona  of  praotloabillty  and  should  therefore  meet  the  following 
requiramentei 

- The  hypothesis  for  the  applloation  of  a certain  method  should  widely  be  verified  by  aolentifio 
experimental  studies  so  that  a successful  approach  in  the  particular  field  investigation  may 
reasonably  be  expected. 

- The  application  of  several  physiological  measurement  techniques  usually  requires  a hich 
expenditure  of  weight,  space,  special  engineering  arrangements  and  unhandiness  aboard, 
aircrafts  and  therefore  needs  a careful  and  limited  choice  of  the  suitable  apparatus. 

- Physiological  measurement  methods  offer  the  successful  approach  within  a workload  study  only 
if  all  the  crucial  conditions  and  esssntial  effects  of  the  flight  mission  in  inveatlgatlon 
may  be  controlled  like  test  variables. 

♦ 

- Some  physiological  measurement  techniques  may  not  be  taken  for  granted  to  be  agreed  upon  by 
the  pilots  involved.  They  may  induce  uncontrollable  influences  and  have  to  be  eeleoted  with 
respect  to  the  acceptability  by  the  pilots  and  to  the  possibility  of  interferanoea  with  the 
primary  task. 


Considering  such  limiting  requirements  of  practicability  only  few  of  the  ntimerous  physiologloal 
measurement  techniques  are  suitable  to  be  applied  during  a routine  mission  flight.  All  physiolo- 
gical measures  concerning  the  workload  or  the  efforts  or  strain  of  a task  may  only  be  interpre- 
ted if  they  are  simultaneously  applied  with  other  measures  backing  up  the  criterion  in  question. 
The  complexity  of  data  recording  and  interpretation  and  the  response  time  of  some  physiological 
measure  relative  to  task  demands  need  additional  expensive  techniques  and  qualifications  (9). 

On  the  other  side  the  time  budget  as  another  objective  measure  of  the  task  load,  or  the  objective 
measure  of  work  result,  the  change  of  performance,  or  of  the  rate  of  failure  may  not  alone  and 
per  se  indicate  the  perceived  strain  and  needed  efforts  during  the  work  (6,  33)* 

"The  central  limitation  here  appears  to  be  sensitivity,  that  ia,  task  performance  measure  do  not 
readily  distinguish  operationally  meaningful  differences  in  the  effort  associated  with  variations 
in  task  demand"  (9)* 


JUSTIFICATION  OF  SUBJECTIVE  ASSESSMEHT  TBCHHIQDES. 

It  is  the  intention  for  this  paper  to  reduce  the  above  mentioned  reeervatione  against  the 
subjective  Judgement  as  a measure  to  a rational  minimum  residue.  One  can  get  some  relief  on  that 
by  several  investigators  who  published  their  experiences  concerning  the  aseeasment  techniques 
(5,  4,  6,9. 18, 20, 21, ?4, 29, 50, 53). 

The  revue  of  the  recent  literature  on  this  field  shows  an  increasing  scepticism  against  the 
possibility  and  efficisncy  of  objectively  measuring  the  work  load.  At  the  same  time  the  investi- 
gators more  and  more  recourse  to  the  subjectively  Judging  techniques  and  this  trend  is  obviously 
going  on. 

"In  industry  and  everyday  life  it  is  often  necessary  to  measure  some  variable  althou^  there  is 
no  technology  for  doing  so,  and  human  Judgement  is  used  Instead"  (I).  The  subjective  Judgement 
relative  to  an  experienced  average  is  used  for  measures  where  no  objective  and  direct  measuring 
technique  is  available  whether  concerning  to  estimate  an  object  or  to  assess  the  state  of  the 
own  feeling  or  to  Judge  other  people  (22).  These  "Judgement  is  a prooess  of  categorisation  with 
reference  to  the  average  and  range  of  values  expected.  Adaptation  to  a particular  context  can 
allow  quite  fine  distinctions  between  these  categories"  (1). 

Man  has  the  aptitude  to  Judge  an  object  along  a certain  continuum  like  a quasi  statistician  if 
one  gives  him  the  opportunity  to  acquire  a certain  amount  of  experience  to  observe  a certain 
spectrum  of  that  continuum. 

3IRCLAIR  (32)  describes  "three  occasions  on  which  the  use  of  subjective  Judgement  is  importanti 
first  when  the  data  cannot  be  obtained  easily  by  other  methods,  secondly  for  corroboration  of 
data  obtained  by  other  means,  and  thirdly  when  the  subject's  attitudes,  or  strategies  of  aotion, 
are  likely  to  affect  some  aspects  of  observed  behaviour  in  the  problem  situation".  And  BRIOHAM  (2) 
stated,  "that  subjects  can  make  Judgements  involving  the  simultaneous  assessment  of  several 
attitudes  of  the  stimulus  in  question". 

The  subjective  techniques  "are  often  the  best  method  for  measuring  workload  in  the  operational 
environment"  (33). 

And  ROVITT  (13)  stetedi  "The  opinion  of  a wall  motivated  craw  msmber  is  very  valuable  provided 
the  right  questions  have  been  put  to  him  and  put  in  a proper  manner  ...  It  is  he  whoae  workload 
ia  in  question  and  he  who  is  experiencing  and  has  intimate  knowledge  of  the  vsrlablea  that  go  up 
to  make  that  workload.  Recently  the  subjective  score  has  coma  into  favour  again  although  mainly 
as  a back-up  to  objective  measurements.  In  fact  most  of  the  objective  neasures  rely  ultimately 
on  a subjective  sssesament  to  put  them  on  to  soma  sort  of  scale  meaningful  in  the  real  world 
situation" . 


» 
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"Pilot  evaluation  atill  reaaina  the  only  aathod  of  aaaaaainc  the  intaraotlona  batwaan  pilot- 
vehiola  parforaanoa  and  total  workload  in  datarainin^  aultabilitp  of  an  airplane  for  the  aiaaion" 
(6).  dnd  finally  thaaa  aubjaotlva  aaaaura  haa  in  fact  always  bean  "the  ultiaate  oritarion  agalnat 
which  the  sucoasa  or  failure  of  a control  ayatsa  daaign  haa  bean  avaluatad"  (17)> 

The  direct  participation  of  the  pilots  in  the  ayatea  evaluation  corresponds  to  their  function  as 
autonoBouB,  responaibla,  and  ooapatsnt  orswaaabars  whc  livs  with  their  systaas  and  whose  profes- 
sional azistanoa,  capacity,  and  satisfaction  are  very  oloaaly  linked  with  their  operational 
ayatea. 


SONS  ADVXRTAOES  OF  SUBJECTIVE  ASSESSMENT  TECHNIQUES. 

Thera  is  no  question  about  the  advantages  of  the  application  of  subjective  aethod  either  as 
questionnaire,  as  rating  scale,  as  checklist,  as  profile  rating,  or  as  a qualitative  coaaant. 

The  actual  distrK^tions  of  ratings  of  some  ay stea  oiiaraoteri sties  often  show  a shape  slallar  to 
the  binoaial  distribution  (10).  Espeolally  the  rating  scales  havs  a rsawrkable  effectivity  within 
ths  range  of  noraal  conditions  in  the  hands  of  a skilled  observer.  Of  course  there  are  no  absolute 
aeasuring  units  which  are  calibrated  on  the  contlnuua  Itself,  and  it  can  not  be  expected  that  an 
exact  aetric  will  exist  for  each  case  on  the  level  of  either  Intervall  scales  or  rslatlve  or 
absolute  scales.  It  also  does  not  seea  possible  in  the  near  future  to  define  the  grade  of  a work 
load  in  the  sense  of  a factor  of  a certain  reference  load. 

But  on  the  other  side  several  authors  have  found  high  correlations  between  lialted  dlaensions 
of  deswnds  and  the  subjective  rating,  a.  g,  between  the  physical  effort  and  fatigue  and  pilot 
rating  (6,  16,  16). 

Furthermore  BESS's  study  (15)  indicated  "that  a buaan  can  transpese  his  Impressing  of  a task 
directly  to  a linear  numerical  index.  The  lack  of  adjectives  dees  not  appear  to  detract  from  his 
ability  to  generate  subjective  opinion".  And  of  course  approx last ions  are  possible  in  the  sense 
of  practicability  so  that  it  is  at  least  possible  to  identify  the  main  sources  of  s work  load, 
to  determine  undoubtedly  some  overloads  for  a dsfinsd  sample  of  parsons  within  a certain  degree 
of  significance  (l?). 

The  pilot's  Judgement  is  capable  to  cover  with  one  connotation  a lot  of  influences  at  the  same 
time  which  may  vary  the  demands.  On  ths  other  hand  a device  of  measuring  any  performance  la  not 
abls  to  cover  in  combination  and  adequately  weighted  some  more  variables  together  within  a single 
scale.  The  huaan  perception  possesses  an  enormous  capacity  of  information  proosssing  and  it  func- 
tions with  a high  selection  rate  and  flexibility  of  coping  with  unforeseen  and  complex  situations 
as  well  as  with  simply  and  fixedly  conditioned  processes  whilst  the  pilot  is  assessing  and  Judging 
a certain  object. 

The  man  in  his  role  as  a pilot  of  high  performance  aircraft  is  "capable  of  attaining  essentially 
the  aaae  perforaanoe  for  a wide  range  of  vehicle  characteristic  a,  at  the  expense  of  significant 
reductions  in  his  capacity  to  assume  other  duties  and  to  plan  subsequent  operations"  (6). 

So  the  pilot  with  Nils  capability  as  an  adaptive  controller  is  also  able  to  extrapolate  a Judge- 
aent  from  one  phase  condition  to  another  phase  with  varying  conditions  and  demands.  His  Judging 
works  considering  both  perforaanoe  configurations  of  the  system  and  his  own  effort  and  attention 
to  cope  with  the  task  dsaands.  A flight  phass  rating  largely  bases  on  the  pilot's  ability  to 
draw  on  his  knowledge,  previous  experience,  and  on  the  use  of  pilot-induced  disturbancies  or 
self induced  tasks  (6).  (Table  1) 


CRITERIA  FOR  THE  APPLICATION  OF  SUBJECTIVE  ASSESSMENT  TECHNIQUES. 

A critical  review  of  the  relevant  literature  aay  demonstrate  that  aubjeotiva  assessment 
techniques  havs  turned  out  to  be  a fairly  valid  and  reliable  asans  for  evaluating  both  the 
handling  and  Inforaation  processing  charaoterlstlos  of  aan-aaohins-syatams,  and  the  work  load 
and  efforts  or  strain  of  the  aen  within  the  loop.  The  application  of  assessing  methods  starts 
from  ths  hypothesis  that  a osrtain  relation  exists  between  the  subjective  Judgement  on  the  one 
hand  and  the  real  behavior  of  the  operator  during  the  particular  work  in  the  system,  the  real 
behavior  of  the  ayatea  at  all,  and  the  handling  qualities  on  the  system  on  the  other  hand.  But 
in  order  to  guarantee  that  the  aethoda  applied  really  work  as  adopted  they  have  to  comply  with 
soae  important  criteria  which  are  the  essentials  for  the  achievement  cf  assessment  objectives. 
They  are  suaaarlzed  as  followed  (Table  2)t 

( 1 ) Clarity  of  foous  (9). 

That  is  the  unbiased  seaantlo  aeaning  of  the  verbal  questioning  which  "serve  tc  clearly 
distinguish  ths  phenoaena  of  Interest  ...  It  does  require  that  clear  distinctions  be  made 
aaong  ths  alternative  concept  referents  ...  (e.g.,  task  demands,  effort,  feelings,  energy 
levels)  and  between  these  phenomena  and  such  related  phenomena  as  conditions  in  the  task 
envlronaent,  situational  stressors,  personality  variables,  or  the  wide  range  of  acute  and 
chronic  effects  attributed  to  workload  or  fatigue"  (9). 
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(2)  Op»r»tion»T  r«l>T«nc«  (9). 

This  crltsi'ion  maans  that  the  experimental  tasks  are  approximately  compatible  with  the 
level  of  c )mplexity  of  the  demands  placed  on  the  human  operator  as  a part  of  the  machine- 
system  (5)>  "And  this  requires  both  the  identification  of  actual  task  demands  and  the 
specification  of  functional  relationships  between  these  demands  and  the  concepts,  indica- 
tors, measures,  and  procedures  employed  in  the  research  setting"  (9)-  This  criterion  is 
similar  to  that  of  validity  which  "haa  to  do  with  the  degree  to  which  what  is  measured 
represents  the  true  situation"  (3'')" 

( j)  Practical  slsmificance  (9). 

The  relevant  assessment  techniques  should  "be  sensitive  to  operationally  meaningful 
differences  in  independent  variables"  and  "consider  the  actual  impact  of  measured  levels 
of  workload  or  fatigue  on  the  quality  of  system  performance  and  on  the  psychological  and 
physiological  well-being  of  individuals  affected  by  system  operations"  (9),  That  is  nearly 
the  same  criterion  which  is  termed  as  "Ease  of  Interpretability"  "providing  information  in 
a form  which  allows  anwers  to  be  obtained  in  relation  to  the  problem  under  investigation" 
(50). 

(4)  Freedom  of  interference  (9.  50). 

"The  measurement  technique  must  not  interfere  with  ongoing  primsry  task  performance"  (9). 
That  is  mostly  the  case  "if  vsed  simultaneously  with  the  task  under  performance"  (30). 

(5)  Pilot  acceptance 

"The  technique  should  not  expose  the  subject  to  any  discomfort  or  cause  any  apprehension" 
(50)  or  "negative  pilot  acceptance  attitude"  (9). 

(6)  Heliability  and  consistency  of  the  measurement 

"Any  variability  which  should  occur  in  the  measure  would  be  due  to  variations  in  the  task  or 
operator  rather  than  to  the  measure  itself"  (30). 

Reliability  is  concerned  with  internal  consistency  so  "that  comparable  questions  regarding 
the  same  topic  should  yield  equivalent  answers  " (18,  25,  32). 

A sufficiently  high  reliability  may  be  expected  if  the  before  mentioned  criteria  are  considered. 
Bei^ides  these  the  reliability  depends  on  the  kind  of  rating  scale  or  answering  form  to  be  used, 
the  definition  of  anchoring  and  intervals  within  the  concerned  continuum.  It  he n additionally  to 
be  payed  attention  to  the  homogenous  sample  of  subjects  and  to  the  proper  preparation  of  all  the 
persona  who  are  Involved  in  the  questioning  procedures  by  previous  discussions  and  definition  of 
the  aids  and  alma.  They  have  to  be  trained  or  briefed  in  the  careful  application  of  the  concepts 
set  out  for  the  particular  assessment.  (Table  2) 


PILOT  OPIiriOIf  StniVBr  coitoocted  ok  a short  haol  plioht  operation,  description  of  the  method. 

It  is  not  so  much  the  purely  scientific  interest  at  first  to  give  the  subjective  assessment 
a methodological  Justification.  But  there  is  a primary  interest  tc  make  sure  that  a sufficiently 
reliable  and  valid  Judgement  instrument  may  be  available  for  the  very  practical  purposes  of 
checking  the  acceptability  of  system  characteristics  and  the  workload  under  the  real  operational 
conditions.  And  here  there  is  no  doubt  that  under  real  life  conditions  questioning  techniques 
are  easier  to  handle,  more  economically  to  apply,  more  direct  to  interprete,  and  they  admit  a 
more  direct  and  copious  evidence  to  the  matter  in  question. 

So  we  have  conducted  a socalled  pilot  study  (35)  In  order  to  prove  in  principle  that  this 
hypothesis  may  be  confirmed.  The  YAK  40-airoraft  operation  was  used  as  an  example  to  develop 
the  opinion  survey  study.  A questionnaire  was  used  to  assess  the  quality  of  the  entire  aircraft 
control  system,  including  the  features  of  the  work  space,  the  equipment,  the  system  and  handling 
qualities,  and  the  workload  while  operating  that  eyetem, the  set  of  questions  taking  due  account 
of  the  tan  workload  faotora  as  described  in  Appendix  D of  the  eartifloatlon  of  airworthiness 
(FAH,  Part  25). 

The  questions  xegardlng  the  aircraft  TAX  40  inoluds  65  items  that  relate  to  apoolflo  components 
of  tns  system  Itself.  The  pilots  completing  the  questionnaire  were  asked  to  assess  the  quality 
of  saoh  particular  oemponent  by  placing  a oross  in  one  of  seven  boxes  that  range  from  "very  good" 
to  "very  poor"  to  bo  aooeptod  under  the  experlonoed  oondltions,  and  to  do  this  at  first  without 
adding  any  ooanients.  Huoh  desoription  of  the  system  may  also  give  reasons  for  the  next  series 
of  ratings.  (Table  5) 

The  items  66-70  inoluds  questions  which  relate  to  the  speoial  attitude  of  the  pilots  to  the 
operation  on  this  type  of  aircraft  and  to  the  eubjeotlvely  poroeived  stress  and  workload  whilst 
flying  it. 


BIO^ 


Aa  faa  as  tha  aarlaa  of  quaation  71  to  83  are  ooncarned,  the  same  ratln^r  procedure  la  to  be  used 
to  estimate  to  what  extent  the  performance  of  this  piloting  system  can  be  adversely  affected  by 
external  disturbances,  environmental  influences  and  system  disorders. 

The  next  nineteen  questions  (S3  to  101)  are  so-oalled  open  questions,  the  pilots  being  requested 
to  give  a detailed  oral  account  of  their  experiences  with  the  system  in  operation  and  some  addi- 
tional comments  to  their  workload  Judgement.  The  greater  part  of  thaae  questions  ones  again 
relates  to  the  eystem  components  listed  in  questions  1-63  and  71  - 83.  The  quantitative  assess- 
ment of  these  components  now  finds  its  counterpart  in  a qualitative  description  of  their  critical 
qualltlas.  Tha  quantitative  form  of  Judgement  can  be  statistically  evaluated  and  thus  constitute 
a sort  of  control  against  the  may  be  one-sidedly  subjective  opinions  and  a regulator  of  typical 
Judgement  error a. 

Tha  weighting  of  the  assasamants  in  relation  to  the  overall  system  is  enabled  by  the  statistical 
evaluation  of  tha  scaled  ratings.  Moreover,  the  dssoriptlons  and  ratings  of  the  critical  elements 
include  a wealth  of  day-to-day  flying  experience  which  could  not  be  obtained  from  a limited 
member  of  test  flights. 

The  answers  to  tbs  open  questions  are  followed  by  a short  disouaslon  in  order  to  alucidats  the 
intended  meaning  and  the  valuable  background  information.  In  spite  of  tha  difficulty  of  their 
quantitative  evaluation  "the  informal  chat  as  an  unstructured  interview  can  be  very  profitable 
and  it  is  probably  the  best  w'.iy  of  bearing  all  the  subject's  pet  grouses"  (31). 


SOME  RESULTS  OP  THE  COCKPIT-STUDY  BY  BATIHOS  AHD  OUESTIOBHIHO. 

The  average  rating  on  the  seven  points  scale  is  4,00  and  may  be  described  as  representing 
an  adequate  system  quality.  Those  system  qualities  that  were  clearly  assessed  byboth  groups  with 
a positive  value  (M  • 3|00  or  less)  Include  control  of  the  electrical  trim  (item  17),  look  out 
on  taxiing  (item  33),  behavior  of  aircraft  In  slow  flight  (item  42),  recovery  behavior  of  aircraft 
after  STALL-clean  (item  43),  recovery  after  STALL-landlng  configuration  (item  44),  normal  go  found 
(item  45),  touch-down  speed  (item  48),  monitoring  engine  gauges  (item  50),  abnormal  procedure  on 
^draulic  system  failure  (item  54).  So  moat  of  the  essential  flying  qualities  of  the  aircraft 
were  rated  as  rather  good-natured. 

On  the  other  hand  tha  9 random  selected  captains  who  answered  the  questionnaire  rated  39  items 
below  average,  .he  9 involved  copilots  rated  33  items  below  average.  Both  groups  rated  the 
following  qualities  with  a mean  of  mors  than  5f00  which  are  representing  very  badly  acceptlble 
properties  of  the  syatemi  control  wheel  (item  5),  flaps  setting  (item  19),  windshield  wipers 
equipment  (item  34),  cabin  pressurization  (item  51 )•  And  the  pilots  In  command  added  some  more 
extremly  bad  values  namlyt  comfort  of  the  seat  (item  4),  lighting  of  instruments  (item  10), 
control  foroea  on  aileron  (item  34),  reverse  handling  and  effects  (item  49) i handling  of  the 
electric  syetems  (item  53) > storage  space  for  crew's  equipment  and  baggage  (item  65) • These 
very  negative  ratings  represent  mo»  the  handling  qualities  of  the  systems  and  reflect  a severe 
impact  on  the  acceptability  of  tha  aircraft  at  all  due  to  the  lot  of  severe  defiolencies. 

Vben  one  bears  in  mind  the  numerous  system  elements  that  had  been  very  critically  assessed,  the 
pilots  show  an  amazingly  carefree  and  unworried  reaction  to  the  question  67  ooncemlng  the  work 
load  paroeivad  during  the  last  few  flights,  and  to  question  68  conoeming  the  level  of  confidence 
(versus  apprehension)  outlooking  the  next  trip.  Only  the  copilots  rated  the  workload  slightly 
^low  average  but  with  a relative  high  uncertainty  (s  > 3,09).  Similar  results  were  found  for 
the  risk  pressure  deriving  from  the  possibility  of  having  to  oops  with  failures  and  their  conss- 
quenoes  (question  69).  Eero  the  copilots  feel  even  less  constraint  than  the  pilots  in  command. 

But  both  they  rated  a low  psyohlo  stress  from  risk  pressure. 

The  only  Item  whloh  may  reflect  soma  stress  duo  to  the  above  mentioned  system  deflclsnoles  la 
question  70  oonoamlng  the  assessment  of  the  pressure  of  responsibility  for  the  safety  of  other 
people  and  for  oomplatlng  the  mission  as  planned.  The  responsibility  level  in  mind  is  a little 
higher  than  average  and  the  copilots  assessed  the  degree  of  responsibility  to  be  greater  than 
their  more  experienced  oollegues  on  the  left  seat  had  in  mind.  They  all  did  not  fear  the  risks 
or  danger  of  failure  but  only  the  stress  of  responsibility  having  to  operate  on  an  aircraft 
with  so  many  substantial  ooaplaints  about  the  low  level  of  human  engineered  cockpit  concept. 

Some  of  these  ooaplaints  are  described  above  by  ratings  of  the  partioular  elements,  some  are 
reflected  on  the  questlone  71  to  63  about  the  moat  dleturbing  factors  whloh  can  reduce  the 
perforaanoe  of  this  aircraft  control  system.  There  are  three  factors  which  are  rated  below 
average  and  are  described  as  disturbing  the  normal  operation,  namely  the  temperature  control 
(item  75),  the  traffic  d«<isity  (item  77)  and  tha  praasurlzation  control  (item  83).  But  it  is 
notloabla  that  only  the  copilots  rated  that  factors  as  disturbing  Influences  because  they 
typioally  oonoem  their  own  part  of  work.  Thaae  ratings  appear  like  a ralnforcamant  of  the 
Judgements  of  the  badly  aooaptable  elements.  The  workload  espaoially  of  the  copilots  is 
growing  up  with  the  time  pressure  to  oops  simultaneously  with  tha  different  oomplloatad  system 
management  and  with  tha  inoreasing  density  of  the  traffic. 

This  higher  level  of  work  load  and  responsibility  stress  has  been  found  reflected  on  the  more 
detailed  and  qualitative  descriptions  of  the  pilot's  experience  within  the  operation  of  the  air- 
oraft  on  hands  of  the  open  questions.  The  detailed  comments  given  to  these  questions  snd  during 
the  following  interviews  contain  a lot  of  arguments  whloh  may  substantiate  the  quantitava  ratings 
and  give  reasons  for  in  more  detailed  explanations. 
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The  reliability  of  such  etatamenta  may  be  calculated  by  destining  quantitatively  the  level  of 
concordance  on  content  and  frequency  of  a certain  item  description.  But  this  would  be  a pretty 
expensive  Job, 

The  evaluation  of  these  open  questions  confirmed  that,  notwithstanding  the  lowlsh  risk  stress 
and  higher  confidence  level  during  the  flights,  all  the  pilots  were  very  conscious  of  the  respon- 
sibility that  derives  from  the  several  deficiencies  of  this  aircraft  design.  This  higher  respon- 
sibility stress  is  particularely  the  result  of  temporary  peak  demands  made  on  the  pilots  in 
turbulent  weather  due  to  the  high  load  on  control  wheel  forces,  the  difficulties  in  operating 
the  systems  of  the  aircraft  in  high  traffic  density  oondlticns  due  to  the  time  pressure  conflic- 
ting with  the  sophisticated  demands  on  the  systems  handling  especially  for  the  copilot,  and  as 
far  as  the  pilot  in  command  is  concerned,  the  need  for  supervising  the  activities  of  his  copilot 
under  such  severs  conditions. 

All  these  facts  of  loading  conditions  call  for  a higher  degree  of  watchful  supsrvisicn  of  the 
entire  course  of  events.  This  higher  level  of  attention  enable  the  pilots,  notwithstanding  the 
numerous  deficiencies,  to  operate  the  aircraft  without  a sense  of  danger,  risk,  a loss  of  confi- 
dence, or  a significant  perceived  stress.  It  also  provides  the  explanation  why,  when  all  is  said 
and  done  and  on  account  of  the  greater  demands  made  on  the  pilot’s  attention,  this  aircraft  never- 
theless appears  to  be  acceptable  in  the  view  of  the  pilots.  They  handled  the  routine  operation 
of  the  aircraft  with  no  more  than  average  rate  of  technical  failure  and  delay  as  similar  to  other 
line  operations.  But  one  accident  happened  yet  after  completing  the  survey  Just  due  to  one  of 
the  worst  rated  component  of  the  system,  namely  the  reverse  handling  of  the  central  angina.  The 
aircraft  had  overshooted  the  runway  and  was  destroyed  because  of  the  improper  handling  of  the 
reverse  system.  But  this  system  shows  soma  typical  deficiencies  which  are  in  several  senses  in 
contrary  to  the  basic  principles  of  human  engineering. 


CONCLUSION, 

Surveying  the  relevant  literature  it  is  emphasized  that  the  subjective  assessment  techniques 
have  become  instruments  of  increasing  value  in  the  wide  fields  of  their  application.  Such  tech- 
niques lead  to  rather  reliable  and  valid  statements  about  the  flying  qualities  of  the  aircraft, 
the  handling  qualities  of  the  systems,  the  quality  of  the  cockpit  layout,  as  well  as  of  the  work- 
load Induced  on  and  the  stress  received  by  the  crew,  always  provided  that  subjective  Judging  errors 
can  be  reduced  and  kept  within  normal  limits  by  means  of  a carefully  selected  and  systematic 
questioning  strategy.  However,  the  following  requirements  have  to  be  meti 

1.  The  survey  must  cover  an  adequately  representative  sample  of  pilots. 

2.  The  state  of  training  and  experience  of  the  pilots  must  be  taken  into  consideration  as  an 
independent  variable  that  exerts  a relevant  influence  on  the  way  the  questions  are  answered. 

3.  The  questions  must  be  carefully  formulated  and  their  contents  must  be  unambiguously  concerned 
with  an  accurately  defined  element  of  the  system  or  particular  criterion  to  be  Judged. 

4.  The  set  of  questions  should  be  as  complete  as  possible,  1,  e.  it  must  cover  not  only  all  the 
individual  elements  of  the  system,  but  also  as  far  as  possible  the  dynami|c  components  that 
occur  during  the  real  operation  of  the  aircraft. 

3.  The  set  of  questions  should  include  a multiple  approach  in  order  to  cover  more  than  one  view 
of  the  problem  investigated.  That  means  the  application  of  some  different  kinds  of  questioning 
techniques  on  the  same  project,  i.e.  rating  techniques,  questionnaires,  checklists,  open 
comments  on  prepared  questions,  and  last  not  least  the  open  Interview. 

Ve  have  tried  to  apply  examplaryly  such  techniques  on  a certain  type  of  aircraft  in  order  to 
cheek  the  level  of  acceptability  of  the  induced  stress,  and  work  load  during  the  operation  oa 
that  system. 

To  my  opinion  it  is  not  only  possible  to  apply  such  techniq'ies  with  respectible  results  but  also 
to  furtherly  develop  these  techniques  to  even  more  sophisticated  and  more  reliable  and  valid 
instruments.  We  should  emphasize  to  do  this  in  the  near  future  more  consequently. 
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Table  1: 


THE  ADVANTAOES  OF  THE  APPLICATION 
OF  StJBJECTIVE  ASSESSMENT  TECHNI^IOES 


J 


Table  3>  Haan  Taluea  and  Standard  Sariatlona  of  the  Rating  Soalaa 
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I 


I 


Itaa 

Ro. 


Sjataa  Xleaants 


Coaaandara 

1 2 5 4 567 


Copilota 
1 2 5 4 5 6 7 


4 

5 

10 

17 

19 

25 
24 

26 

55 

54 

56 

57 
42 
45 

44 

45 
40 

49 

50 

51 

55 
54 
59 

64 

65 


Seat  ooafort 
Control  ooluan/whaal 
Inatruaant  lighting 
Blaotrloal  trla  control 
Rlapa  aattlng 
Look  out  on  taxiing 
Wlndahlald  wlpera 
Hoaewhaal  ataarlng 
Control  foroaa/EloTator 
Control  foroaa/llleron 
Control  aanaltlrlty 
Roll  rata 
Slow  flight 

Raoovary  froa  atall  olaan 

Racorarjr  fr.  atall  landing  conflg. 

Roraal  go  around 

Touchdown  speed 

Rawaraa  handling 

Monitoring  angina  gauges 

Cabin  praasurlaatlon 

Handling  alaotrlcal  systaas 

Handling  hjrdraullo  sjrtea  failure 

Loading  procadurea 

Space  for  charts  and  flight  log 

Storage  spaoa 


6,11 

5,56 

5,00 

2,89 

6,00 

2.55 

5.55 
4,44 

4.55 

5,00 

4.67 
4,22 
2,89 

2.56 

2.67 
5,00 
2,67 

5,22 

2.89 

5.89 

5,22 

2.78 

4.78 
4,78 
5.11 


1,05 

1,15 

1,11 

1,05 

1,00 

0,86 

1.41 

1.58 

1,22 

1.41 

1,50 

1.59 
1,26 
1,15 
1,22 
1,22 
1,00 
0,97 
1,26 
0,78 
1,59 
0,97 

1,64 

1,48 

0,78 


4,56 

6,00 

4,55 

2,78 

5.89 
2,22 
5,22 
4,55 

4.55 
4,67 
4,11 

4.89 

2.56 
2,22 
2,56j 
2,78 
2,00| 
4,67 
2,56 
6,00| 
4,67 
5,00] 

5.55 

4.56 
4,89 


1,24 

1,12 

1,12 

1,99 

1,27 

0,67 

1,09 

1,50 

1,50 

1,52 

1,17 

1,69 

1,01 

0,67 

1,01 

1,50 

0,87 

1,87 

1,55 

1,22 

1,58 

1,00 

1,52 

1,42 

1,17 


Perceived  Workload 


67 

68 

69 

70 


Workload  during  the  last  few  fllghti 

(1-graat)  4,11 

Confidence  level  before  starting 

your  flights  (1-great)  3,56 

Level  of  risk  pressure  coping  with 
tachn. failure  or  error  (l-hlgh)  4,6? 

Responsibility  pressure  carrying 

out  your  missions  (l-hlgh)  3,89 


1,45 

1,53 

1,87 

1,76 


5.89 
2,63 
5,44 

2.89 


2,09 

1,19 

1,67 

2,09 


lapaot  on  System  Perforaance 
by  Disturbing  Factors 


75 

77 

82 


Temperature  control 

Traffic  density  In  congested  areas 

Trouble  of  prassurlsatlon 


3,78 

5,50 

4,00 


1,50| 

1,41 

1,501 


4,44 

4,58 

4,89 


1,67 

2,00 

1,45 


Ixaaplea  of  the  19  Open  Questions 


85 

84 

35 

90 

94 

95 

96 
101 


Which  of  the  arrangements  In  the  cockpit  do  you  find  to  be  disturbing? 

Which  operating  elements  oould  lead  to  wrong  handling,  and  why? 

Is  the  arrangaaent  of  the  syatea  alaaa'<ts  optlaal  for  all  handling  setiuaneas? 

Which  display  systeas  can  lead  to  Inaccurate  or  erroneous  Interpretations? 

Which  flying  characteristic  of  this  type  of  aircraft  call  for  your  special  attention? 

So  you  find  the  handling  and  operation  of  the  existing  autopilot  to  be  satisfactorily  designed? 
Is  the  degree  of  autcaatlon  In  the  systeas  an  adaquats  help  for  safe  piloting? 

Are  there  any  changes  in  your  flying  training  that  you  dean  absolutely  necessary? 
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DISCUSSION 


M.G.Sandcn:  You  mentioned  that  with  subjective  ratings  you  can  measure  on  an  interval  scale.  Hence,  I wonder  why 
you  calculated  means  and  standard  deviations,  which  are  in  fact  meaningless  figures.  Why  did  not  you  calculate  medians 
and  inter-quartile  ranges  which  are  meant  as  measures  of  central  tendencies  for  data  like  yours? 


K.Steininger:  It  is  in  fact  one  of  the  most  difficult  problems  of  subjective  ratings  to  measure  them  on  an  interval 
scale.  We  did  not  stress  this  requirement  of  rating  technique  for  the  purpose  of  our  investigation.  The  calculation  of 
means  and  standard  deviations  was  made  in  the  first  approach  to  evaluate  the  data,  and  I agree  that  the  calculation  of 
medians  and  inter-quartile  ranges  could  give  a more  precise  picture  of  the  data  central  tendency.  Of  course,  we  will 
do  so  in  the  next  stage  of  a following  series  of  such  cockpit  studies  in  our  project. 
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Subjective  Streea  Asaeeeaent  aa  a Criterion  for  Neaauring 
the  Paychopbyaieal  Workload  on  Pilota 


by 

Hana-Petar  aOSRSXS 

Oaraan  Air  Force  Inetitute  of  Aviation  Medicine 
PUratanfaldbruck 


Soae  yaara  a^o  the  Oaraan  Air  Force  Inatituta  of  Aviation  Medicine  waa  ordered  b;  the  Federal 
Miniatar  of  Defence  to  aaarcb  into  the  paychophyaical  workload  on  pilota  operating  ailitary 
aircraft  within  the  Federal  Araed  Forcaa. 

Thia  directive  waa  baaed  on  the  aaauaption,  that  flying  pay  ahould  not  be  granted  without  a 
aciantific  baaia  for  the  Juatification  of  the  differencea  between  pilota  of  Jet-,  prop-,  and 
holicoptor  aircraft. 

Firat  the  tera  ''psychophyaical  workload”  auat  be  clarified.  It  coaprlaaa  the  affacta  of  the  grand 
total  workload  on  the  huaan  organlaa,  huaan  behaviour,  and  aubjactlve  feeling.  QERBKBT  (1976)  haa 
defined  thia  tera  in  detail:  "Paychophyaical  workload  induced  by  an  activity  will  not  only  depend 
upon  duration  and  intenalty  of  atreaaing  atlaull,  but  alao  upon  intra-individual  factora  in  the 
atreaaed  aubject  hiaaelf  (phyaical  faaturea,  functioning  of  the  aenaory  organa,  vegetative  atatua, 
and  praaant  atate  of  health  aa  a preraqulalte  to  phyaical  perforaance;  Job-related  knowledge, 
abilltlea,  akilla,  need  for  achieveaent,  experience,  and  eaotional  atreaa  reaiatance  aa  paycbic 
and  aental  detarainanta  of  atrain)!”  In  conaenaua  with  ROHMEBT  ho  atatoa  the  following  foraula: 

workload  > expenditure  of  aoaatic  energy 

-f  difficulty  of  tank 
X duration  of  activity 

atrain  ■ workload  affect  on  the  individual 

Having  clarified,  what  ia  to  be  aaaeaaad  and  evaluated,  the  queation  ariaea,  how  it  ia  to  be 
aeaaured  and  in  what  way  it  ia  to  be  interpreted. 

Nothoda  for_the  ^voatl^at^n  of  EB^cbop^alca^atrain^paraiietera 

When  viewing  workload  affocta  aa  auch,  inodiata  phyalologlcal  reactiona  are  predoainantly 
aeaaured  aa  atrain  paraaatara  (angageaent,  arouaal). 

a)  phyalologlcal  exaalnation  aathoda:  heart  rata,  arrhythala  of  heart  rate, 
raaplratory  voluae,  blood  preaaure,  body  teaparatura,  akin  reaiatance, 
aicrovibratlon  a.a.o. 

b)  aloctrophyaical  aethoda:  alectrocardiograa  (ECO),  alactroencaphalograa  (EEC) 
and  other a. 

c)  biochaaical  aethoda:  blood-,, urine,  and  parotia-  aaliva-analyaaa  with  regard  to 
workload  apeciflc  changea,  raaplratory  quotient  and  ao  on. 

d)  aathoda  of  aenaory  paychology:  they  are  baaed  on  the  aaauaption, that  perception 
thraaholda  will  change  under  peychical  and  phyaical  atrain/fatigua.  Main 
procadurea:  dateraination  of  critical  flicker  fuaion  (CFF). 

For  aoae  tiae  the  Inatituta  of  Aviation  Medicine  atteapted  to  cope  with  the  taak  praaentad  by 
uaing  the  above  aentioned  aeaaureaent  aethoda. 

Whan,  however,  it  bacaaa  evident,  that  the  dwadline  ant  for  an  expert  opinion  on  thia  problea 
would  not  perait  the  application  of  thaaa  aethoda,  the  phyaiciana  were  faced  with  a thorny  aatter 
-and  they  confronted  the  paychologiata  with  the  queation,  whether  the  aaaauraaant  of  paychie  atrain 
and  workload  aight  yield  plaualbla  reaulta  in  tiae. 

Thia  in  turn  offered  the  following  aethodical  poaaibllitiea: 

e)  work-  and  tiae  atudiaa  by  recording  ao-called  actlona  and  avanta 
(activitiaa  are  recorded  according  to  tiae  aequnnee,  frequence  and  duration). 

f)  evaluation  of  taak  difficulty  by  trained  external  exparta. 

The  following  ia  evaluated: 

1.  extent  / diveraity  / apperception  and  output  of  inforaation  (the 
proportion  of  annual,  aental  and  varioua  cognitive  proceaaing  work). 

2.  Difficulty  of  taak  conaidaring  aental  and  eaotional  aapecta. 

g)  application  of  aecondary  taaka:  the  inforaation  proceaaing  capacity  reaaining 
vacant  while  perfomlng  a taak  la  filled  ”up  to  the  bria”  by  additional  taaka. 

The  parforaanoe  reap,  perforaanca  fluctuation  in  the  aide  taak  aay  - with 
eartain  roaervation  - bo  uaed  aa  a aeaauro  for  workload  induced  by  the  priaary 
taak. 

h)  regiatratioa  of  aubjeetivo  aaaeaaaenta  of  workload  aituatlon  through 
atandardiaad  Intarvlewa  and  quaationnairaa  (aco.  to  QERBERT,  1976). 

Of  tbeae  payehologieal  aethoda  a)  and  g)  wore  elialnatod  for  reaaona  of  tiae  and  f)  becauae  there 
were  ao  trained  external  exparta  available. 

Only  aethod  b)  raaalnad,  aaaely  the  "ragiatratioa  of  aubjactivo  aaaeaaaenta  of  workload  altuatioaa" 
fcV  aeaaa  of  atandardiaad  laterviawa  and  queationaalrea. 

Iow_^_|at,_”an^eetivo_aaaoaaaea^" 

Froa  the  foregolatg  it  ia  avldant,  that  aathoda  to  obtain  aubjactivo  opinlona  can  not  bo  a 
aubatltuto  for  objaetive  aeientifie  obaarvationa  and  expariaenta. 
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The;  ar«,  hovavar,  a uaaful  aourca  of  inforaatlon  and  aspaclally  ao  In  caaas  wbara  aciantlfic 
aaaaurlng  la  lapoaaibla  for  an;  raaaon  whataaar. 

Such  a judgaaant  of  axparlancaa  ancountarad  la  a piaca  of  "phanoaanal  raalit;"  (BAOL,  1976). 

Thla  la  trua  aaan  though  ona  aoaatlaaa  has  tha  iaprassion,  that  tha;  ara  in  contradiction  to 
tha  aariflabla  raaults  of  objactiaa  procaduraa.  This  will  haas  to  ba  illustratad  in  datail 
latar  on.  Aaong  tha  Boat  iaportant  aathods  of  obtaining  assassaanta  ara  tha  following 
(acc.  to  RADI,  1976): 

- fraa  Intaraiaw 

• standardiaad  intaraiaw 

- qualitatiaa  quaationnalra 

- Bultipla  cholca  quaationnalra 

- coaparatiaa  judgaaants  and 

- graphic  rating  scala  (polarity  profile). 

Wa  decided  to  apply  a coabination  of  coaparatire  judgaaanta  and  graphic  rating  scales,  asking 
use  of  tha  advantages  of  both  aathods,  naaely; 

- little  azpandlturas  for  application  and  avaluation, 

- eoaparison  of  Intarsubjactiva  results  ware  insured 

- negligible  falsification  of  results  through  tha  influence  of  the  psychologist,  interviewer 
or  ezpariaantalist, 

- results  ara  given  in  ordinal  nuabars. 

A thorough  scientific  varificatlon  of  tha  procedure  for  "subjective  stress  assessaent"  is 
to  ba  found  in  publications  by  WXYER  and  HODAPP  (1973):  "...subjective  indicators  differ  froa 
tha  raaalning  "reaction  aathods"  in  that  stress  is  not  directly  analysed.  Tha  subject  is  rather 
urged  to  be  introspective.  This  is  very  well  in  agreeaant  with  scientific  work.  It  is  accoaplished 
by  asking  the  aan  aore  or  less  tha  direct  questions  concerning  his  subjective  experience  of  strain 
or  workload." 

Thia  tern  iapliea  tha  following:  instead  of  aeasurlng  well-defined  paraaeters  the  exaninee 
Is  asked  a nuaber  of  standardized  questions.  Standardized  in  this  context  aeans,  that  the 
possibilities  to  give  answers  are  liaited,  predeterained  and  thus  quantifiable.  Every  question 
concerns  a stressor,  which  has  been  deterained  as  being  relevant.  Siaplified,  a question  goes 
like  this: 

"How  does  this  stressor  affect  (strain)  you?” 

As  an  answer  the  exaainee  is  required  to  enter  a check  nark  on  a scala  with  nuabars  ranging,  for 
exaaple,  froa  zero  to  six. 

High  workload  No  workload 

, 6-5-‘»-3-2-1-0 


The  instructions  for  filling  in  tha  scale  are: 

"On  all  scales  looking  like  the  above  saaple  please  nark  tha  nuaber  which  you  think  applies  to 
you  with  a clear  "X"  on  the  line.  The  scale  nay  be  coapared  with  a theraonater,  whose  one  end 

is  narked  "hot"  and  tha  other  end  "cold”.  Thera  is  a gradual  transition  between  both  final 

points  which  you  should  consider  as  such,  when  we  ask  the  questions.  Wherever  there  are  scales, 
there  is  no  Either  - Or  I" 

This  aathod  peraits  the  coaputatlon  of  answers  provided  by  exaainees,  a.g.  the  calculation  of 
aean  scores,  variability  scores  and  correlations. 

Thus  a subject  can  be  given  aany  aore  questions  within  the  available  tine  than  would  be  possible 
during  a lass  structured,  not  standardized  Interview,  since  the  answer  ‘ethodology  is  easily 
conprehensible  and  will  perait  many  answers  within  a short  period  of  time. 

The  disadvantage  in  eoaparison  with  an  interview  is,  that  one  is  not  informed  about  the  background, 
Justification  and  the  like,  which  might  have  led  to  the  answer. 

It  is  clear,  that  with  such  a scale  we  are  not  aeasurlng  workload  as  is  done  with  aeters  or 
kilograas,  but  the  scale  can  very  well  provide  an  answer  how  different  groups  of  persons  assess 
the  saae  stressor  as  to  its  straining  effect.  To  illustrate  this,  a siaple  exaaple: 

We  address  the  following  question  to  two  groups  of  swiaaers:  "how  high  is  the  strain  on 

you,  if  you  are  to  awia  one  alle  in  one  go?"  Provided  the  first  group  consists  of  long-distance- 
swiaaers  and  the  second  of  short-distance  swiaaing  sprinters,  the  aean  score  of  the  first  group 
is  aost  likely  in  the  vicinity  of  the  score  "2",  whereas  tha  second  group  will  possibly  score  "3". 

You  aay  put  an  additional  question  to  tha  short-distance  swiaaers:  "What  do  you  think  is  the 

strain  on  long-distance  swiaaers  over  a distance  of  one  aila?"  and  vice  versa.  If  the  groups 
know  each  other,  the  assessaent  of  the  other  group  will  coaa  close  to  the  assessaent  by  the  own 
group.  If  this  actually  happens,  two  subjective 

assassaents  have  resulted  in  one  "quasi  objective  score"! 

To  coapleaent  the  exaaple  of  the  swiaaers:  if  you  ask  the  short  distance  swiaaers:" What  do  you 
think  is  tha  strain  on  long-distance  swiaaers  over  sprint-distance?  and  vice  versa,  the  scores 
will  be  reversed.  (Perhaps  you  know,  that  long-distance  swiaaers  find  it  enoraoualy  difficult  to 

sprint  I and  on  tha  contrary  sprinters  ara  alaoat  sure  they  would  fail  over  long  distances!) 

If  we  add  the  workload  in  both  disciplines  for  both  groups,  we  will  get  siailar  total  aean  scores. 
Applied  to  aviation  this  exaapls  illustrates  the  iaportancs  of  considering  all  stressors  iaaginabla, 
when  aeasurlng  workload  - or  in  our  ease  estlaating  workload  - , before  arriving  at 
conclusions  about  stress  or  strain. 

A rough  classification  reveals  the  following  aajor  groups  of  stress  factors  in  aviation 

- envlronaental  stressors, 

- task  stressors,  and 

- sBotional  strsssors- 
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It  Is  asfs  to  asauaa,  that  physical  workload  is  foraaost  ths  result  of  changes  in  environaantal 
conditions  inherent  to  flying  (physical  paraastsrs,  s.g.  O-forcas)  ■ anvironaontal  stress. 

Mental  workload  atsas  froa  the  nearly  continuous  requireasnts  on  vigilance,  perceptual -aotor 
and  intellectual  activity  in  operating  the  aircraft  and  coping  with  navigation  and  aisaion- 
specific  tasks  • task  stress. 

Eaotional  strain  is  caused  by  the  awareness  of  increased  accident  risk  and  responsibility  ■ 
eaotional  atress.  Depending  upon  the  nuaber  of  streas  factors  and  the  extent  to  which  they 
act  on  the  individual 'e  body  and  psyche  there  are  qualitatively  and  quantitatively  different 
stress  constellations  for  ths  various  aircraft  categories  (Jet,  prop,  and  helo),  aircraft  types 
and  aisaions. 

To  get  a starting  point  in  the  investigation  of  these  stress-constellations  was  one  goal  of  our 
exsainations  with  the  questionnaire  for  "Subjective  Stress  Assessaent"  in  addition  to  coaplying 
with  the  order  given  to  us  by  ths  Ministry  of  Defence. 

Now  you  aay  perhaps  voice  several  objections,  one  being,  that  with  questionnairss  one  would  always 
have  to  reckon  with  faking.  In  a questionnaire  concerning  workload  probably  with 
exaggeration,  in  another  one  covering  syaptoas  of  anxiety  probably  with  understateaants  and  so  on. 
First  of  all  we  readily  adait  these  sources  of  errors,  but  we  have  done  our  beat  by  assuring 
anonymity  and  by  not  clearly  stating  the  purpose  of  questioning  to  obtain  frank  answers. 

An  indicator  for  the  success  of  our  efforts  can  be  derived  froa  the  very  low  standard  deviations 
of  the  scores  in  various  groups  and  in  aost  cases.  Regarding  the  question  for  syaptoas  of  fear 
of  flying  our  efforts  have  clearly  failed.  Probably  certain  psychic  defence  aechanisas 
prevailing  in  such  socially  not  accepted  spheres  siaply  won't  perait  honest  answers  even  when 
coapleta  anonyaity  is  assured.  An  observation,  which  KINSEY  already  had  to  aake  in  his  report  on 
sexual  behaviour. 

Our  go£Ulation  (randoa  sangle) 

Evaluation  by  electronic  data  processing  covered  the  coapleted  questionnaires  of 

117  Jet  Pilots 

4l  Multiple  Engine  Prop  Pilots 
14  Single  Engine  Prop  Pilots 
45  Helicopter  Pilots 

217  » Total 


» 


Judged  by  age  and  years  spent  in  aviation  the  distribution  of  the  groups  was  noraal,  approxiaately 
half  of  then  had  been  flying  for  aore  than  nine  years.  However,  there  were  also  an  adequate  number 
of  beginners  and  advanced  pilots. 

On  an  average 

Multiple  Engine  Prop  Pilots  had  flown  1.400  hours. 

Single  Engine  Prop  Pilos  1.2^0  " 

Jot  Pilots  1.220  " and 

Helicopter  Pilots  1.140  hours. 

Regarding  the  present  operational  flying  status  there  was  clear  intra-group  diversification. 

In  consequence,  coaaenting  on  the  results  presented  below  is  rather  valid  for  the  four  groups. 

To  facilitate  better  understanding  of  the  aany  figures  in  the  tables  listed,  of  which  this  paper 
will  only  deal  in  detail  with  the  first  and  last  one,  a short  explanation: 


Total 

m2  2d 

Jet 

M.-Enx. 

S.-Enx. 

Helo. 

MS 

sp 

MB  8D 

MB 

BD 

MB 

BD 

1) 

physic .stress 

3.9  1.4 

3.9 

1.4 

3.5  1.2 

itTt  1 

4.3 

1.3 

2) 

aental  stress 

4.2  1.3 

4.2 

1.3 

3.9  1.** 

4.7  1 

.3 

4.4 

1.2 

3) 

psycholog.  stress 

4.0  1.5 

3.8 

1.5 

3.8  1.8 

4.5  1 

.2 

4.5 

1.2 

Table  1 . 

A high  score  in  the  Hean-Score-Column  (MS)  stands  for  a subjectively  high  workload  on  the 
pilots  caused  by  corresponding  stressors,  and  conversely  a low  aean-scora  represents  a subjectively 
lower  workload. 

A high  score  in  the  Standard-Deviation-Coluan  (SD)  indicates  high  intra-group  diversification, 
aeaning  that  there  are  great  differences  on  the  estiaated  degree  of  workload  connected  with  this 
stressor.  High  aean  score  and  low  standard  deviation  naan,  that  there  is  a relative  concord 
concerning  workload. 

It  is  obvious  that  intra-group  standard  deviation  Bust  be  saaller  than  that  of  the  groups 
altogether  since,  for  example,  the  sane  aission  does  not  necessarily  call  for  the  same  raquireaents. 
Low  Level  for  helicopter  pilots  iaplies  a ainiaua  altitude  of  30  ft  AOL,  for  a Jet,  however  A bout 
300  ft  AOL. 

H_e_B_u_l_t_e 

First  a thorough  analysis  of  table  1 showing  the  pilots'  assessaent  concerning  their  total 
workload.  Tbs  question  was:  "How  high  do  you  rate  the  degree  of  physical,  aental  and  psychological 
stress  in  your  entire  flying  activity?  (psychological  stress  includes  all  straining  factors  imposed 
by  responsibility,  flying  risk,  nscsssity  of  teaa  work  etc.)"  At  first  glance  it  is  noted,  that 
Single  Engine  Pilots  hsve  the  absolutely  highest  asan  scores. 

That  should  not  be  surprising,  since  the  14  Single  Engine  Pilots  are  alaost  exclusively  Instructor 
Pilots.  This  Job  sssBS  to  be  one  of  the  aost  deaanding  of  all,  according  to  the  results  of  a 
qusstion  dsaling  with  the  degree  of  effort  in  diverse  aissions  (table  2). 

Furtheraore  it  can  be  seen  froa  table  1,  that  obviously  aental  stress  on  Jet-,  aultl  engine-,  and 
single  engine  pilots  ranks  highest,  whereas  in  helioopter  pilots  ths  tsndency  points  to  an 
increased  psychic  stress.  This  tendency  nay  be  explained  by  the  enotionally  higher  experienced  rlak 
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to  which  tbo  holleoptor  pilot  find*  hlMOlf  ospoood.  la  easa  of  oagiao  failure  or  alailar 
ineidoata  ha  la  required  to  laitiata  aa  aotlwa  aalfraaeua  aetioa,  called  ''autorotatioa”. 

But  alao  with  raapaet  to  phyaioal  aad  aaatal  atraaa  the  aeoraa  of  halicoptar  pllota  aurpasa 
thoaa  of  jet-  aad  aultlple  aaflaa  pllota  algaifieaatly  (p  ■ 0.0$). 

Thera  la  aora  thaa  oaa  aaplaaatloa:  oaa  could  be,  that  la  tbla  group  tho  abllitlea  ora  aot  up 
to  par  with  the  requlroaoata.  The  cauaoa  would  lie  la  aa  iaafflolaat  paraoaael  aalactloa  aad  / or 
-aaaigaaaat.  Or,  oparatlag  a halicoptar  la  vary  daaaadlag  ladaad,  alao  oa  a good  pilot. 

At  aay  rata  it  la  of  lataroat,  that  phyaleal  atraaa  la  aaaaaaad  aa  balag  lower  thaa  a aaatal 
aad  paychle  oaa.  la  order  to  verify  tbla  pbyalologically,  the  pbyalclaaa  would  ba  required  to 
verify  uaaquivocal  paraaatara  la  the  body,  which  aay  aot  bo  quite  alaplo. 

Table  2 ravaala  aoaathlag  about  aubjactlva  atraaa  duriag  varloua  aiaaioaa.  Lat'a  oaly  diacuaa 
thaa  la  brief,  although  tablaa  3 to  8 do  aot  lead  thaaaolvaa  for  loag  diacuaaloa,  but  are  iataadad 
aa  aa  additloaal  aourca  of  laforaatioa  to  aaabla  you  la  a thorough  aerutlay  back  boaa  to  check 
our  conclualoaa  praaaatad  la  the  flaal  part. 

Table_;^  Bubjactlva  Btraaa  DUrlag  Varloua  Miaaloaa 


Total 


Jet 


Il-Prop 


•-Prop 


Halo 


1)  in-night/Hood 

2)  IPS  - Night 

3)  Foraatioa/Day 
A)  I'oraatlon/Nlght 
3)  Tact.  Foraatloa 

6)  Low-La vel/Bay 

7)  Radar-Low-Lavol/Day 

8)  8adar-Low-Lavol/Night 
9 ) Cloaa  Air  Support/FAC 

10)  latareapta 

11)  laatruaoat-Check-Fllght 

12)  Tactical  Check  Flight 

13)  Low  Level  Sea 
1^)  Montaln-Flight 
1$)  Cargo  Dropa 
18)  S A B 

17)  Long-Ranga-Fllghta 

18)  IFR-Foraatloa  Flight 

19)  Autorotatloaa 

20)  VFR  - Night  Flight 

21)  ACT  (Air  Coab^t  Tr.)  *♦ 

22)  laatructor  Flyljg  (39  !•) 

23)  "Range  Only"  ♦. 


3.6 

3.3 


1.9 

1.7 


<*.6 


1.1 


Bs” 

3.3 

kb 

1.5 

NS 

3.2 

X . X 

SD 

MS 

3.5 

eD 

i A 

MS 

SD 

M 

SD 

i . i; 

1 ^ 

4.8 

4.7 

s.q 

1 6 

5.5 

1.7 

2.8 

1.4 

1 » ^ 

4.5 

1.8 

1 i2 

3.4 

1.8 

1.1 

0.8 

i 

3.0 

1.7 

2.6 

1.5 

1 A 

2.9 

1.7 

3.4 

1.2 

4.3 

1.6 

3.5 

3.0 

1 6 

3.8 

3.5 

1.5 

1.5 

3.8 

3.6 

1.6 

3.1 

1.6 

2.1 

1.6 

3.9 

1.4 

3.0  1.9  2.6  1.8 


5.2 


2.0 


<*.3  1.7  '1.3  1.8 


‘*.9 

'*.4 

4.9 


2.2 

1.2 

1.5 


3.3  1.9 
3.0  1.6 
4.2  1.8 
3.0  + 1.0 


4.7  1.1 


4.5 

4.8 


2.0 


0.4 


2.0  + 1.4 
4.8  1.2 


<♦.3 

3.6 


1.5 

1.7 


5.2 

5.1 

4.9 


1.0 

0.9 

0.9 


5.3  + 1.0 


* poaaibly  with  waapona  and  caaara  * • laaa  than  5 chack  aarka. 
In  ganaral  an  MS  difference  of  aora  than  .$  la  algn.  in  the  51(-laval. 


Table  2 Indlcataa  the  aubjactively  axpariencad  atrain  reap,  atraaa  during  varloua  aiaalona.  The 
quaatlon  poaad  to  the  pllota  waat  "Which  aiaalona  atrain  you  and  to  what  extent?" 

It  la  clear,  that  the  "Halleoptar-Night-Foraation-Flight"  la  obvioualy  the  Boat  daaanding  node 
of  operation  altogether.  It  la  followed  by  Nlght-Foraation-Flight  in  Multiple-Bngina-Propellar- 
Alrcraft,  Tralnlng-Flighta  with  Halleoptar-Studaata,  Hellcoptar-Foraation-Fllghta  during  IFR- 
weather  eondltiona  aad  only  then  by  aoaa  Jet  aiaaioaa  auch  aa  Air  CoBbat  Training  (ACT), 

Ounaory  and  Night  Foraatloa  Flying.  The  laaat  aeoraa  of  atrain  aeoB  to  be  attributed  to  Biaalona 
auch  aa  Jet  Tactical  Flight  and  Tactical  Cheek  Flighta  in  Single  Xnglne  Prop  Aircraft.  Tour 
attention  la  Invited  to  table  3,  which  haa  provided  aoaa  aurprlaea. 


Svaatoaa  of  tenBlon  (aoMrehenalen)  ■ Table  3 


Jet 

M-Proo 

S-ProB 

Halo 

NS  Id 

H*  it” 

U ID 

NS  SD 

1) 

Oaatrle  Dlaordara 

1.0 

1.5 

1.1 

1.5 

1.3 

1.9 

0.2 

0.6 

0.5 

1.0 

2) 

Headache 

0.9 

1.5 

0.6 

1.2 

1.2 

1.6 

0.7 

1.7 

1.1 

1.5 

3) 

Diarrhea 

0.3 

0.8 

0.3 

0.6 

0.4 

1.3 

0.4 

1.3 

0.1 

0.6 

4) 

Nolat  Handa 

1.6 

1.6 

1.4 

1.5 

1.5 

1.7 

1.6 

1.5 

2.1 

1.5 

5) 

Lack  of  appetite 

0.7 

1.3 

0.8 

1.4 

0.8 

1.3 

0.4 

1.1 

0.6 

1.5 

6) 

Airaieknaaa 

0.2 

0.5 

0.2 

0.6 

0.3 

0.6 

0.1 

0.3 

0.1 

0.4 

«, 


7) 

Narrowing  of  aental 
channel  capacity 

0.4 

0.9 

0.5 

1.0 

0.5 

0.9 

0.4 

0.9 

0.3 

0.7 

8) 

Deaire  that  flight  be 
cancelled 

0.4 

0.8 

0.4 

0.7 

0.3 

1.1 

0.2 

0.6 

0.3 

0.7 

9) 

Desire  that  flight  cone  to 
an  end  as  soon  as  possible 

0.5 

1.0 

0.4 

0.7 

0.9 

1.5 

0.4 

1.1 

0.6 

1.2 

10) 

Inability  to  sit  still 

1.0 

1.4 

0.9 

1.3 

0.9 

1.4 

0.7 

1.1 

1.3 

1-9 

11) 

Pain  in  the  eyes 

0.4 

1.0 

0.4 

0.9 

0.6 

1.3 

0.2 

0.6 

0.3 

0.8 

12) 

Heart  consciousness 

0.9 

1.3 

0.9 

1.2 

0.9 

1.3 

0.7 

1.3 

1.0 

1.3 

13) 

Sleep  disorders 

0.5 

1.1 

0.6 

1.3 

0.5 

0.9 

0.0 

0.0 

0.5 

1.2 

14) 

Shaky  knees 

0.4 

0.8 

0.4 

0.9 

0.6 

1.1 

0.1 

0.5 

0.2 

0.5 

15) 

Increased  appetite 

1.2 

1.7 

1.3 

1.7 

1.1 

1.6 

1.1 

1.9 

1.2 

2.0 

16) 

Change  of  aood  - negative 

0.5 

1.0 

0.5 

1.0 

0.5 

1.0 

0.1 

0.3 

0.5 

1.1 

17) 

Xuphoria 

2.9 

2.0 

3.1 

1.9 

2.7 

1.9 

2.7 

2.0 

3.2 

2.3 

18) 

Own  obsarvationa:  tha  only 
one  stated  by  the  pilots:  - 

4.1 

1.4 

4.3 

1.3 

4.3 

1.5 

6.0 

0.0 

3.8 

1.5 

"Nicotine"  • incrcaaed  desire  to  saoke  (49  subjects). 


The  corresponding  question  is:  "Nearly  all  pilots  experience  a certain  tension  prior  to  flight. 
The  following  list  contains  various  syaptoas  of  tension.  Please  assess  yourself,  whether  and  to 
what  extent  the  syaptoas  apply  to  you." 

It  is  surely  aost  spectacular,  that  -without  this  itea  being  listed  in  the  questionnaire-  49 
pilots  spontaneously  entered  in  the  free  line  provided  under  nuaber  18:  "Increased  desire  to 
saoke".  Any  saoker  knows,  that  the  yearning  for  a cigarette  is  very  pronounced  iaaediately 
before  or  after  a highly  stressing  task. 

Furtheraora  it  aust  be  noticed,  that  "Hoist  Hands"  were  adaitted  as  the  only,  weakly  pronounced 
tension  syaptoa. 

The  elevated  underlying  aood,  even  euphoria  because  of  the  iapending  flight,  seeas  to  be  clearly 
predoainant.  This  is  shown  by  tha  scores  of  itea  no.  17. 

Tables  4 ■ Bnvironaantal  Stressors,  3 • Brgonoaical  Stressors,  6 ■ Mission  Stressors, 

7 ■ Task  Stressors,  and  8 • Eaotional  Stressors  provide  inforaation  on  a series  of  special 
stress  factors  to  which  pilots  of  such  diverse  aircraft  types  find  theaselves  exposed. 

The  question  is:  "To  what  degree  do  you  feel  stressed  during  a alssion  by  stress  factors  listed 
below?" 

Based  on  table  4 ■ Bnvironaental  Stressors  it  becoaes  evident  that  air  teaperature  is  often 
felt  to  be  very  stresaing  by  helicopter  pilots.  In  fact  asasureaents  in  helicopters  have  revealed 
teaperatures  of  140”  T,  if  the  helicopter  had  to  hover  on  a suaaar  day  and  tha  sun  was  directly 
shining  into  the  cockpit. 


Total 

J«t 

M-Pron 

S-Prop 

Halo 

US  SD 

MS  Id 

MS  Sl 

nS  55" 

NS  55 

1) 

Air  teaperature 

3.5 

1.8 

3.2 

1.8 

3.3 

1.7 

2.9 

1.6 

4.3 

1.5 

2) 

Huaidity 

3.0 

2.0 

2.9 

1.9 

2.6 

1.9 

3.3 

2.1 

3.5 

1.5 

3) 

Noise 

2.8 

1.9 

2.4 

1.8 

3.3 

2.2 

2.3 

1.7 

3.7 

1.8 

4) 

Vibration  and  Aircraft 
aotiona  through  turbulence 

2.8 

1.8 

2.0 

1.5 

3.9 

1.7 

1.4 

1.5 

3.9 

1.2 

5) 

Odour 

1.4 

1.6 

1.4 

1.6 

1.2 

1.7 

1.3 

1.3 

1.3 

1.6 

6) 

O-Forcas 

1.4 

1.9 

3.3 

1.7 

1.2 

1.3 

1.7 

1.5 

0.8 

1.3 

7) 

Air  Pressure  Fluctuations 

1.9 

1.8 

2.4 

1.7 

1.7 

1.9 

1.0 

1.5 

0.9 

1.3 

Tab^e_4j_BnvlroMenta^_Btroaia2£* 


la  table  3 > Brgoaoaleal  Streasors,  itea  no.  13  shows  that  sitting  eoafort  in  helieoptara  of  the 
Federal  Araed  Forces  is  eoapletely  lacking.  It  is  a fact,  that  the  construction  of  the  plastic 
ssats  pravsnts  ventilation  eoapletely,  causing  an  even  unstrained  observer  to  sweat  profusely 
oa  his  back  after  a short  period  of  tins.  This  could  easily  be  reaodiod.  Itea  no.  9,  wearing  of 
tbs  "Fraakenatoin”,  tha  Mark  7 Proaaure  Suit,  was  obviously  a torture  for  the  Jot  pilots. 

■scent  osperieneoa  with  tha  Ntfk  10  are  batter. 


Bl  l-^ 


Total 

HS  SD 

Jet 

MS 

SD 

M- 

MS 

•Prop 

SD 

S-Prop 

MS  SD 

Helo 

MS  SO 

8)  Cramped  for  apace  (Lack  of 
■otion) 

1.9 

1.9 

1.9 

1.9 

2.1 

1.9 

1.1 

1,7 

2.1  1,9 

9)  Wearing  of  flying  auit, 
(presaure  suit  etc.) 

2.8 

2.3 

4.1 

1.9 

0,9 

1.5 

0.6 

0.9 

1,7  1.9 

10)  Parachut*  harness 

1.9 

1.7 

1.9 

1.5 

2.4 

1,9 

1,3 

1.7 

1.5  2.0 

11)  Live  Vest 

2.9 

2.0 

3.6 

1.5 

2.6 

2.0 

0,3 

0.8 

0.8  1.6 

12)  Headset 

1.8 

1.6 

1.3 

1.4 

2.6 

1.8 

1.6 

1.7 

2.6  1.5 

13)  Seating  conditions 

2.8 

2.0 

2.1 

1.7 

3.5 

1.9 

1.6 

1.3 

4.5  1.7 

1L)  Illumination 

1.1 

1.** 

i.i* 

1.5 

1.0 

1.4 

0.6 

0.9 

0.6  1.2 

15)  Dimmed  lighting  without 
external  vision 

1.3 

1.5 

1.6 

1.5 

1.1 

1.5 

1,0 

1.3 

0.6  1,5 

16)  Instrument  Layout  not 
optimal 

2.5 

1.8 

2.8 

1.8 

Table 

1.9  1.6  1.5  1.6 

5:  Ergonomical  Stressors 

2.7  2.0 

From  the  scores  in  table  6,  Mission  Stressors, 
not  flying  itself,  which  is  felt  to  be  stressing, 
the  irregularities  of  the  meals  or  fatigue  during 

, it  may  be  deduced,  that  quite  often  it  is 
but  the  accompanying  circumstances,  such  as 
prolonged  flights. 

Total 

MS  SD 

Jet 

MS 

SD 

M-Prop 

MS  SD 

S-Prqi£ 

MS  SD 

Helo 

MS  SD 

17)Fatigue  due  to  duration 
of  flying 

3.2 

1.7 

2.5 

1.6 

4.6 

1.4 

2.1 

1.5 

3.9  1.3 

l6)fatigue  due  to  monotony 
of  job 

1.9 

1.6 

I.'* 

1.5 

2.6 

1.6 

1.4 

1.4 

2.5  1.7 

19)Night  flying 

2.8 

1.8 

2.9 

1.8 

2.4 

1.9 

1.8 

1,9 

3,2  1,7 

2C)Irregularitie6  of  meals 

3.3 

2.1 

2.9 

2.0 

4.7 

1.8 

1.6 

1 .4 

4.5  2,1 

21  )(,ual ities  of  meals 

2.8 

2.1 

2.4 

1.9 

4.1 

1.9 

1.9 

2.0 

2.9  2.3 

22)Sleep  deprivation  during 
flights  abroad  across  time 
zones 

1.7 

1.7 

1.4 

1.4 

?.8  Pal 

Table  6: 

0.7 

Mission 

0.8  1.1  1.9 

Stressors 

Table  7 • Task  Stressors  (mental  workload  stressors)  confirms  the  impression, 
a Job  is  not  felt  as  being  to  stressing.  The  highest  score  here  is  and  refers 
necessity  of  jet  pilots  to  process  information  quickly  and  make  decisions. 

that  flying  as 
to  the 

Total 

MS  SD 

Jet 

MS 

SD 

M-Prop 

MS  SD 

S-Prop 

MS  SD 

Helo 

MS  SD 

23)  Necessitiy  for  simultaneous2.9 
concentrated  supervision  of 
various  information  media 
("monitoring") 

1.8 

3.0 

1.8 

2.7 

1.5 

2.6 

1.7 

3.2  1.9 

2^)  ^uick  information  process, 
and  decision  making  on  a 
higher  level 

3.1 

1.8 

3.4 

1,8 

2.9 

1.5 

2,2 

1.4 

3.0  1.9 

25)  Handling  of  aircraft 

1.9 

1.6 

1.6 

1.5 

2.3 

1.7 

0.6 

0.9 

2.7  1.8 

Table  7: 

Task  Stressors 

(mental 

workload  stressors) 

Also  the  scores  of  table  8,  Emotional  Stressors,  are 
experience  of  ttie  helicopter  pilots.  Hero  the  score  of  3. 
of  other  groups  regarding  this  possible  emotional  stress 

mostly  of  no  consequence,  except  the  risk 

8 is  distinctly  higher  than  estimations 

Total 
mF  ^8D 

Jet 

MS 

SD 

M-Prcp 

MS  SD 

S-ProD 

MS  sb 

Helo 

HS  SD 

26)  Fear  of  Failure 

3.0 

1.6 

2.8 

1.6 

3.0 

1.6 

3.2 

1.8 

3.4  1.6 

27)  Risk  experience 

2.7 

1.7 

2.5 

1.8 

2.2 

1.4 

1.7 

1.5 

3.8  1.4 

28)  Neeeasity  for  Crew 
Cooperation 

1.9 

1.7 

1.9 

1.6 

2.3 

1.6 

0.6 

1.1 

2.0  1.8 

29)  Human  Relations  within  Crew1.8 

1.7 

1.7 

1.6 

2.3 

1.7 

0.7 

0.9 

1.9  1.7  1 

30)  Prolonged  absence  from 
family 

2.6 

2.0 

2.6 

2.0 

2.5  2.1 

Table  8: 

1.9  1.9  2.8  1.9 

Emotional  Stressors 

T 

J 


BII-7 


I 


Tabl*  9 « "How  I Bee  myself  and  the  others",  contains  very  interesting  Information  on  how 
Individual  groups  see  themselves  with  respect  to  all  other  groups.  The  corresponding  question 
wan;  "Hake  an  assessment  of  yourself  and  of  the  other  pilot  groups,  which  follow,  with  a view 
towards  total  stress  (physical  plus  mental  plus  psychological  strain)  !" 

Table  9 » "How  I see  myself  and  the  others" 


Total  Jet  M-Prop  S-Prop  Helo 


MS 

SD 

MS 

SD 

MS 

SD 

MS 

SD 

MS 

SD 

1) 

F. -Bomber  Strike 

4.6 

1.1 

4.5 

1.1 

<♦.5 

1.0 

5.2 

2.1 

5.0 

0.8 

2) 

F, -Bomber  Attack  F-104: 

4.7 

1.0 

4.4 

0.9 

4.7 

1.0 

5.2 

1.2 

5.2 

0.7 

3) 

F.-Bomber  Attack  G-9'1: 

4.3 

1.0 

4.1 

1.0 

**.3 

1.0 

4.7 

2.1 

4.9 

0.8 

i.) 

Tact .Reconnaissance  r-l04: 

4.3 

1.1 

4.0 

1.2 

4.6 

1.2 

4.9 

0.7 

4.7 

0.8 

5) 

Tact .Reconnaissance  G-91: 

4.0 

1.2 

3.8 

1.2 

4.1 

1.1 

4.6 

0.9 

4.5 

0.9 

6) 

All  Weather  Fighter  F-1(34: 

4.8 

1.1 

4.6 

1.2 

4.7 

1.0 

5.5 

1.0 

5.2 

0.9 

7) 

Instructor  F-104/G-91: 

4.6 

1.3 

'♦.3 

1.3 

4.6 

1.3 

5.4 

1.1 

5.4 

0.9 

8) 

Cargo  Jet  Boing  707; 

2.6 

1.4 

2.1 

1.2 

3.2 

1.6 

3.9 

1.6 

2.9 

1.3 

9) 

C.-Jet  HFB  320/Jetotar; 

2.7 

1.2 

2.2 

1.0 

3.5 

1.2 

5.4 

1.4 

3.0 

1.1 

10) 

Transall  C-l60 

2.9 

1.2 

2.5 

1.0 

5.9 

1.1 

3.8 

1.2 

3.2 

0.9 

11) 

Instructor  H.E.Prop 

3.6 

1.2 

5.1 

1.1 

4.0 

1.0 

4.6 

1.0 

4.2 

0.9 

^^) 

Noratlas  ND  25 

3.0 

1.2 

2.5 

1.0 

3.9 

1.1 

3.8 

1.2 

5.1 

1.0 

15) 

Do  27/Pi aggio  149  D 

2.1 

1.2 

1.5 

0.9 

2.4 

1.2 

3.4 

1.2 

3.0 

0.9 

I**) 

Instr. Single  Egine  Prop; 

3.1 

1.3 

2.5 

1.1 

3.3 

1.0 

4.5 

1.4 

4.0 

1.1 

15) 

Helicopter  UH  1 D 

3.5 

1.3 

3.0 

1.2 

5.7 

1.2 

4.1 

1.0 

4.6 

1.0 

16) 

Helicopter  Alouette  II: 

3.'* 

1.3 

2.8 

1.2 

5.5 

1.2 

3.7 

1.0 

4.5 

1.1 

17) 

Helicopter  Instructor 

4.0 

1.1 

3.5 

1.4 

4.1 

1.1 

4.6 

1.1 

5.2 

0.7 

You  will  immediately  notice,  that 

: as  a 

rule 

Jet  pilots  score  themselves 

lower 

than 

Judged 

by  other  groups. 

Jet  groups  themselves  will  assess  nearly  all  other  groups  lower  than  these  Judge  themselves  and 
also  as  they  see  themselves  mutually. 

The  reason  may  very  well  be  found  in  the  curious  German  flying  system,  which  until  recently  was 
based  on  the  law  "supply  and  demand"  and  which  has  caused  the  formation  of  certain  images;  the 
saturated  pilot,  in  our  case  the  Jet  pilot,  will  understate  his  own  stress  but  also  that  on 
other  non-saturated  groups.  These  in  turn  are  baffled  by  the  high  flying  pay  of  Jet  pilots,  will 
consequently  score  them  very  high  and  will  now  see  themselves  in  relation  to  them.  This  may 
possibly  result  in  overestimation. 

The  scoring  differences,  however,  are  not  of  such  a magnitude  ac  to  make  them  useless  for  a 
concluding  overall  summary. 


Conclusion 

The  final  calculation  was  accomplished  as  follows; 

We  computed  average  scores  for 

- the  five  most  demanding  missions  in  each  group 

- all  Environmental-,  Ergonomical-,  Mission-specific-,  Mental-,  and  Psychological  Factors,  which 
have  been  provided  with  a check  mark 

- all  intra-group  Judgements 

- Jet  pilots'  assessment  of  other  groups 

- intar-group  Judgement  without  Jet  pilots 

- overall  assessments  with  Jet  pilots  and 

- intra-  and  inter-group  Judgements. 


Thus  we  arrived  at  a combined  scoring  table  for  all  intra-  and  inter-group  assessments 
regarding  all  specific  stress  factors  and  the  overall  workload. 

Next  we  converted  these  acoras  into  percentages,  assigning  I00!k  to  the  group  with  the  highest 
score  and  putting  the  aber  groups  in  relation  to  it.  This  does  not  imply,  that  the  highest  group 
is  charged  with  a workload  of  lOOK,  or  overstresaed  to  1<X)E.  It  merely  means  having  a basis  for 
comparison  I 

Final  Score 


100  % 
95  % 
90  % 
75  * 

MU 


Jet  Pilots 

All  Instructor  Pilots 
Helicopter  Pilots 
Multiple  Engine  Prop  Pilots 
Single  Engine  Prop  Pilots 


( 5 % ~ round  offi) 


« 
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This  finsl  result  substantiates  our  expectations  to  a high  degree.  The  comparatively  low 
score  of  the  Single  Engine  Prop  Pilots  may  be  considered  as  being  realistic,  provided  it  is 
confined  to  the  flying  activities  of  a "simple”  pilot  on  a single  engine  prop  aircraft.  The 
instructor  activities  rate  high  also  on  these  aircraft  types.  The  profiles  of  workload  are 
cha**acteri2ed  by  missions  and  types  of  aircraft  and  are  typical  for  all  pilot  groups.  This  is 
substantiated  by  the  tables. 

In  contradiction  to  the  high  assessment  of  flying  stress  on  part  of  the  pilots  and  also  contrary 
to  experiences  by  Flight  Surgeons  and  Aviation  Psychologists  we  find,  that  psycho-vegetative 
symptoms  (table  3)  as  necessarily  resultant  signs  of  stress  are  minimized,  and  this  is  done  by 
all  pilot  groups  to  the  same  degree. 

The  physical  workload  in  its  entirety  is  unanimously  assessed  lower  by  pilots  than  mental  and 
emotional ( "psychological ")  workload. 

The  jet  pilot  is  mainly  occupied  with  ^Ifnitoring  and  decision  making,  the  helicopter  pilot  with 
aircraft  handling,  and  the  multiple  Engine  prop  pilot  is  forever  confronted  with  his  responsibility 
for  his  passengers,  equipment  etc. 

With  all  the  reservations  towards  the  subjectivity  of  questionnaire  findings  on  mind,  it  may 
nevertheless  be  concluded,  that  this  study  is  not  without  a certain  relevance. 

As  part  of  an  extensive  research  at  the  QAF  Institute  of  Aviation  Medicine  it  has  surely 
contributed  to  reduce  bias.  This  bias  had  resulted  in  grossly  unjustified  classifications  of  flying 
jobs  when  determining  flying  pay. 

At  least  our  study  served  the  purpose  of  adjusting  flying  pay  in  line  with  our  percentage. 

For  a long  time  the  pilots  were  satisfied  with  the  outcome,  or  is  there  a better  way  to  handle 
this  problem? 
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DISCUSSION 


R.  A.  AltMneae;  Did  jet  pilots  Judge  both  jet  workload  and  helicopter  workload  and  vice  versa?  How  did  the  judgements 
compare? 

H.-P.Goerres:  Yes.  all  pilots  judged  each  other.  Judgements  did  show  consistent  differences. 
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ROUND  TABLE  DISCUSSION 


R.Auffrct:  Les  etudes  ile  charge  ile  travail  evoquees  au  cours  de  iiotre  session  font  appel  a diverses  inethodes  de 
mesures  plus  ou  moins  correlees  avec  les  charges  de  travail  des  pilotes. 

I n resume,  dans  les  communications  entendiies,  out  etc  pratiquees; 

• Mesure  des  mouvements  de  la  tete  et  des  yeux  pour  connaitre  la  prise  d'information. 

• Mesures  physiologiques.  variations  metabolii|ues  et  cndocrinioitnes,  arythmie  cardiaque  . . . 

• Mesure  de  la  perrormattcc:  ecart  par  rapport  a une  trajectoire  idealc.  acquisition  de  la  cible,  reussite  de  la 
mission  . . . 

• lache  sccondaire  pour  connaitre  la  disponibililc  du  pilote. 

• Methodes  subjectives  par  questionnaire  d'rige:  fatigue,  humeur,  somineil  . . . et  par  questionnaire  (Cooper- 
Harper)  sur  performances. 

De  nombreuses  situations  operalionnelles  onl  ete  evoquees: 

• Vol  a basse  altitude,  en  rase  inottcs  (Nap  of  the  earth),  sur  hcMicopterc. 

• Vol  de  longue  duree  et  deplaccment  transoceanique. 

• Pilotage  et  atterrissage  sans  visibilite,  et  du  nuit,  sur  helicoptere. 

• Coinparaison  et  choix  des  modes  de  presentation  des  informations. 

• Appontage  sur  porte  avions. 

Devant  le  grand  nombre  de  methodes  et  d'etudes,  le  medecin,  I’ingenieur,  I’crgonomiste  de  I’aeronautique  ont 
certainement  des  difficultes  a choisir  I’experimentation  la  inieux  adaptee.  Cependant.  il  nous  est  frequemment  demande 
d’^tudier  et  de  comparer  la  cliarge  de  travail  d’un  pilote  avec  ptusieurs  modes  de  presentation  des  informat'ans.  Dans 
telle  situation  operationnelle,  quelle  methode  de  mesure  allons  nous  mettre  en  oeuvre  pour  informer  au  mieux  les 
"financiers”  charges  du  choix  des  programmes  ou  bien  le  commandement  qui  a besoin  de  savoir  si  telle  mission  est  ou 
non  dans  les  limites  de  possibilites  humaines. 

Ne  serait-il  pas  possible,  dans  quelques  situations  aeronautiques  particulieres  de  citer  et  de  hierarchiser  les  methodes 
pratiques  et  realistes  d’etude  de  la  charge  de  travail?  Cette  tentative  pourrait  servir  de  debut  d’uniformisation  des 
techniques  employees  dans  nos  divers  pays.  De  plus,  toute  methode  subjective  de  mesure  ne  doit-elle  pas  etre  correlee 
avec  une  methode  objective? 

Je  souhaiterais  demander  i Mr  Sanders  et  Mr  Lovesey  quelles  sont  les  mesures  les  plus  inferessantes  a effectuer 
sur  helicopteres  dans  le  vol  a basse  altitude. 

E.J. Lovesey;  1 think  probably  1 had  better  start  by  saying  what  not  to  do;  I think  the  only  reason  why  1 have  been 
allowed  to  fly  with  the  British  Army  is  because  I am  the  lesser  of  two  evils. 

By  my  passive  filming  I replaced  a rather  more  active  method.  I understand  that,  before  me,  during  nap-of-the-earth 
flying  they  used  to  take  blood  samples  and  I think  it  did  rather  distract  the  pilot.  Nevertheless,  if  by  “nap-of-the-earth 
flying”  you  mean  a helicopter  low-altitude  flight,  I think  we  must  be  really  careful  not  to  do  anything  to  distract  the 
pilot.  Therefore,  the  methods  must  be  fairly  passive,  and  so  there  will  be  objective  methods  such  as  measuring  the 
aircraft  performance  and  ability  to  fly  a certain  flight  profile  ~ these,  I think,  must  be  done,  although  it  is  very 
difficult  from  these  measures  always  to  know  exactly  how  hard  the  pilot  finds  it.  We  heard  from  Wing  Commander 
Nicholson,  the  other  day,  of  the  method  of  analysing  speech  patterns  and  in  fact  there  are  one  or  two  promising  methods 
coming  along  which  I think  are  ideally  suited  to  evaluating  pilot  workload,  because  all  we  have  to  do  is  just  plug  into 
the  intercom;  the  pilot  is  not  affected  in  any  way.  Once  we  start  attaching  things  to  the  pilots  then,  of  course,  we 
run  the  risk  of  influencing  his  workload  and  his  performance.  Again,  I take  your  point;  I think  that,  as  well  as  having 
objective  measures,  passive  or  otherwise,  we  must  always  back  these  up  and  try  to  correlate  them  with  subjective 
measures.  We  have  heard  of  one  or  two  such  methods  here  today.  But,  whatever  we  do,  we  must  not  change  the 
activity  pattern  of  the  pilot  by  measuring  whatever  he  is  doing. 

R.AulTret;  Merci  Mr  Lovesey  d'avoir  insist^  sur  un  point  qui  me  parait  capital:  I'imp^rieuse  n^cessit^  de  ne  pas 
interf^rer  avec  le  travail  du  pilote  par  un  enregistrement  penalisant  et  stressant  qui  risque  de  fausser  les  mesures. 

Mr  Sanders  voudrait-il  ajouler  quelques  mots? 

M.G.Sianders;  I agree  with  Mr  Lovesey.  I believe  that  il  is  highly  critical  that  we  do  not  interfere  with  the  operational 
or  in-flight  performance  of  the  aviator  during  his  performance  of  various  missions.  But  I do  think  that  it  is  important 
to  evaluate  exactly  what  the  problem  is.  The  question  of  what  measurement  technique  should  be  used  on  low-altitude 
flight  is  a very  general  one  because,  in  our  situation,  we  are  forced  to  respond  to  questions  or  problems  that  deal  with 
the  great  many  different  activities  involved  in  low-altitude  flight.  So  the  kind  of  measurement  techniques  you  might 
utilise  greatly  depends  on  the  problem  area  itself.  If  one  is  forced  to  evaluate  problems  pertaining  to  the  pilot,  we  would 
have  to  consider  primarily  those  activities  related  to  psychomotor  performance  such  as  aircraft  inputs  or  control  inputs, 
as  well  as  engine  and  aircraft  status,  such  as  Dr  Lees  reported  earlier.  Because  his  duties  are  primarily  psychomotor, 
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that  would  be  the  first  area  to  investigate.  However,  during  the  first  session.  Mr.Simmons  presented  a film  illustrating 
the  visual  activity  of  the  pitot  during  low-altitude  tliglit,  and  it  was  quite  evident  then  that  the  visual  workload  was  a 
significant  factor  in  his  performance  of  that  duty.  Moving  on  to  the  co-pilot,  his  duty  is  primarily  a visual  and  information- 
processing  one.  However,  it  could  be  that  the  verbal  or  auditory  factors  or  sensory  modes  should  be  examined  a great 
deal  in  both  the  co-pilot  and  pilot  performances  of  these  operations.  In  general,  we  feel  that  the  objective  measures 
are  the  primary  tools  for  evaluating  performance  in  llight.  But  there  are  always  situations  in  which  the  subjective 
measures  must  be  utilised  to  help  us  better  understand  the  problems  and  apply  more  correlation  between  our  objective 
data  and  the  subjective  feel  of  the  pilots. 

R.Auffrct:  La  comiaissance  de  la  prise  d’information  visuelle  du  pilote  est  evidemmenl  essentielle  lors  des  vols  basse 
altitude  en  helicoptire.  Malheureusement  les  systemes  oculomctres  actuels  sont  difficilement  supportables  pendant 
plus  de  10  minutes. 

Dans  les  vols  de  longue  durce.  Mr  Hartman,  quelles  sont  les  mesures  les  plus  utiles  a effectuer  pour  apprccier  et 
quantifier  le  travail  des  pilotes? 

B.O. Hartman:  I'rom  my  point  of  view,  when  you  are  talking  about  extended  fliglit,  it  becomes  extremely  important  to 
deal  with  the  total  environment  m which  the  man  finds  himself  operating,  the  mission  situation  with  which  he  is 
confronted,  and  the  total  amount  of  work  which  he  has  to  perfonn;  1 include  lots  of  things  in  workload  that  I have  not 
heard  discussed  here  today.  For  instance,  there  is  a certain  amount  of  work  in  simply  maintaining  the  body  and  keeping 
it  functioning.  There  is  a little  bit  more  work  in  just  standing  around,  if  you  are  standing  around,  waiting  for  a clearance 
or  a command,  there  is  even  a lot  more  work  because  emotional  factors  come  into  play.  You  have  to  take  these  things 
into  account.  You  are  also  confronted  in  the  long-duration  situation  with  the  same  thing  that  was  discussed  earlier  in 
connection  with  helicopter  work;  that  is,  you  must  avoid  interfering.  You  must  avoid  interfering  with  the  mission, 
you  must  avoid  interfering  with  the  tasks  being  performed  by  the  crew  member  in  his  typical  way.  F'inally,  a factor 
which  always  needs  to  be  considered  is  the  capability  of  the  Laboratory  that  is  involved  in  the  study;  the  fact  is  that 
we  cannot  make  measurements  that  we  do  not  know  how  to  make.  Every  Laboratory  is  somewhat  different  in  this 
respect.  I think  a full  battery  is  possible  in  the  extended  llight  situation,  to  include  biochemistry,  physiology  and 
psychophysiology.  Performance  assesments  at  intervals,  particularly  for  critical  segments  of  the  mission,  over  a period 
of  days,  for  instance,  are  valuable.  One  miglit  choose,  in  a transport  situation,  to  look  at  every  approach  and  landing, 
and  do  some  kind  of  objective  or  subjective  rating  or  data  acquisition  in  that  situation,  and  follow  the  crew  members 
throughout  the  entire  24-hour  period,  using  activity  logs  and  other  kinds  of  measures  of  what  is  going  on,  with  some  of 
the  measures  representing  on-going  activities  and  biomedical  orientation,  such  as  biochemistry,  and  other  measures 
representing  samplings,  such  as  rating  on  approaches  and  landings  at  regular  intervals. 

R.Auffret:  Avec  mes  remerciements  a Mr  Hartman  pour  ces  interessants  commentaires  je  souhaiterai  donner  la  parole 
a Mr  Vettes,  pour  lui  poser  la  question  suivante: 

Dans  le  cadre  du  pilotage  et  de  Tatterrissage  sans  visibilite  sur  helicoptere,  quelles  sont  les  methodes  de  mesure  les 
plus  adaptees  d I'etude  de  la  charge  de  travail? 

B.  Vettes;  Au  cours  du  pilotage,  et  plus  particulierement  de  Tatterrissage  sans  visibilite  sur  helicoptere,  la  charge  de 
travail  est  un  peu  speciale. 

En  premier  lieu,  il  nous  parait  done  indispensable  de  disposer  d'une  methode  de  mesure  de  performance  qui  permet 
le  calcul  de  Tecart  par  rapport  a une  trajectoire  id^ale  definie. 

En  .second  lieu,  la  mesure  d’un  param^tre  physiologique,  la  frequence  cardiaque  instantanee  et  la  variabilite 
cardiaque,  nous  paraissent  particulierement  indiquees.  En  effet,  au  cours  de  cette  approche  Teffort  physique  est 
reduit  et  il  s'agit  plutot  d'une  tache  intellectuelle  et  perceptive,  ce  que  traduit  parfaitement  T^tude  de  la  variabilite 
cardiaque. 

En  troisi^me  lieu,  associ^e  ^ ces  methodes  objectives,  il  est  bon  de  r^aliser  une  methode  subjective  de  type 
questionnaire  d la  condition  qu’il  soit  simple  et  r^alis^  en  accord  avec  les  membres  de  T^quipage. 

En  quatrieme  lieu  seulement,  viendrait  une  £tude  du  mouvement  des  yeux,  car  dans  ce  type  de  tache  le  d^placement 
oculaire  n’est  pas  important. 

R.Auffret:  Le  choix  des  presentations  d'information  est  un  des  probiemes  le  plus  frequemment  pose.  Ce  choix  de  nos 
jours  est  presque  uniquement  realise  d'apres  les  avis  subjectifs  des  utilisateurs.  Certaines  methodes  objectives  ne 
sont-elles  pas  utilisables,  Mr  Beyer? 

R. Beyer:  I would  hesitate  to  give  any  list  of  priorities  of  workload  measurements.  In  the  field  of  designing  displays  it 
depends  too  much  on  the  specific  applications.  We  have  heard  today  a number  of  papers  concerned  with  helicopters, 
and  they  are  a very  good  example,  because  you  can  measure  variabilities  around  the  helicopter;  it  may  be  in  the  field 
of  stabilisation,  or  in  the  field  of  maintaining  given  heights,  speeds  and  so  forth.  So  I think  it  is  worth  looking  first 
at  the  variabilities  with  respect  to  a given  reference.  For  example,  having  ordinary  VFR  flight  as  a reference,  you  can 
measure  how  the  pilot  and  how  the  helicopter  are  doing  on  a simulated  IFR  using  some  exhaustive  displays.  Then  it  is 
worth  looking  at  those  variabilities  which  may  be  reduced,  that  is,  by  a better  layout  of  the  display  or  by  giving  more 
automation  to  the  automatic  control  system  or  by  asking  the  pilot  to  do  all  the  things  manually.  For  example,  the 
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outcome  of  our  investigations  was  that  we  need  indeed  stabilisation  of  the  helicopter,  and  in  the  field  of  fixed  aircraft 
there  are  similar  problems,  l or  example,  by  optimising  llight  manoeuvres  within  the  total  energy  concept,  a specific- 
display  IS  again  needed  which  takes  the  guesswork  from  the  pilot  and  gives  him  usable  and  flyable  information.  So  the 
major  point  is  that  the  highest  priority,  if  we  go  to  priorities,  is  the  information  content  rather  than  the  layout  of  the 
display.  t)f  course,  the  layout  is  also  of  importance  but  first  one  should  consider  the  information  content  and  this  is, 

I think  the  only  priority  1 would  give  in  this  respect;  then  one  has  to  form  one’s  own  criteria  and  workload  measures 
for  the  specific  application.  As  I said,  it  is  not  possible  to  apply  a specific  measure  to  each  different  application  or 
operational  case.  One  has  to  look  at  the  details  of  the  mission  and  then  to  apply  or  develop  measures  which  are 
relevant  to  this  case.  But  I have  a more  general  comment.  My  feeling  was.  looking  at  some  of  the  papers,  that  we  have 
heard,  for  example  in  the  last  10  years,  unite  a lot  about  heart-rate  variance,  and  something  about  critical  fusion 
frequency;  there  are  very  sound  investigations  and  one  can  decide  to  apply  these  measures  or  not  to  use  them.  So  we 
could  not  gam  much  more  experience  from  some  of  the  papers  we  have  heard  today  and,  in  particular,  from  those 
papers  dealing  with  subjective  ratings. 

I recall  an  .Ati.AKl)  conference  about  five  years  ago  where  we  discussed  the  same  problems  and  some  speakers 
offered  solutions.  1 would  like  to  see  those  solutions  more  applied,  rather  than  going  into  the  details  of  research  on  these 
measures  again  and  again.  There  must  be  some  stage  where  we  accept  these  measures  as  they  are  or  we  do  not  use 
them.  So  I am  really  asking  what  progress  we  have  made  in  the  last  five  years  in  this  respect.  Are  we  able  to  discriminate 
between  those  measures  we  are  going  to  use  and  those  which  are  definitely  useless?  1 think  this  communication  has 
not  taken  place  so  far. 

R.Auffret:  Je  crois  que  .Mr  Beyer  est  un  peu  pessimiste  et  que  des  progres  certains  ont  etc  realises  depuis  10  ans  sur 
le  sujet,  neaninoins,  je  suis  d'accord  pour  dire  que  beaucoup  reste  a faire. 

.Mr  Brictson  peut-il  nous  dire  quelques  mots  des  problemes  particuliers  aux  porte-avions,  sujet  qu’il  ctudie  depuis 
de  nombreuses  annees  et  qui  represente  des  conditions  de  travail  particulicrement  delicates. 

C.A.Brictson:  Yes.  1 would  agree  with  the  earlier  comment  that  it  is  time  to  assess  the  validity  and  reliability  of  some 
of  our  instruments.  I think  that  some  of  the  papers  presented  here  have  done  just  that;  1 would  stress  the  need  for 
continuing  measures  of  performance  and  assessment  of  workload  in  order  to  relate  what  influence  different  workload 
levels  have  on  performance,  both  short  term  and  long  term,  in  terms  of  decrement;  in  terms  of  carrier  landing,  I would 
promote  the  idea  of  daily  workload  activity  scales,  of  subjective  estimates  of  mood  and  sleep  levels  as  being  indicative 
of  the  pilot’s  stage  of  temporal  readiness.  I do  believe,  in  view  of  what  Dr  Hartman  mentioned,  that  from  time  to 
time  we  must  revalidate  some  of  these  techniques,  so  that  the  need  for  biochemistry  measures  certainly  would  be  in 
order  to  determine  •I’e  adequacy  of  subjective  reports  over  time.  But  I do  see  that  there  has  been  some  progress 
made  in  the  last  five  years.  I see  this  to  be  a much  more  lively  interchange  of  information  and  must  note  also  that 
sometimes  we  only  make  progress  through  mistakes;  so  that  some  of  the  critical  comments  can  be  well  taken  by  all 
of  us  to  look  at  our  techniques  and  our  methodology  a little  more  critically,  so  that  the  results  that  we  do  promote 
have  some  application  both  to  the  user  and  to  the  scientific  community. 

R.Auffret:  Merci,  Mr  Brictson  de  nous  rassurer  sur  la  validity  de  nos  travaux  et  d’avoir  su  mettre  en  lumiere  I’interet 
des  echanges  d’infromations  entre  les  sp^cialistes  des  divers  pays  NATO.  Mr  Steininger  et  Mr  Goerres,  j’aimerai  vous 
poser  la  question  suivante; 

Dans  quelle  situation  aironautique  peut-on  attendre  le  meilleur  resultat  des  methodes  par  questionnaires? 

K. Steininger:  We  have  to  realise  that  there  are  many  different  types  of  questionnaires  and  this  is  not  the  place  to 
specify  them.  As  far  as  my  opinion  and  my  experience  are  concerned,  I must  say  that  a questionnaire  should  always 
be  used  if  more  detailed  information  is  required  about  different  mood  and  motivation  backgrounds  of  a pilot  going  to 
perform  flight  missions  and  after  completing  them.  That  is  to  say,  all  sorts  of  tests  must  be  made  on  the  fatigue 
during  the  particular  mission,  on  the  one  hand,  and  on  the  demand  of  particular  tasks  on  the  other  hand. 

With  reference  to  application,  the  questionnaire  should  be  used  to  check  out  the  comfort  and  the  acceptability 
of  a particular  flight  system  or  subsystems,  from  the  human  engineering  point  of  view  and  to  choose  the  right  one, 
that  is,  the  most  acceptable.  It  is  always  right  if  certain  important  principles  and  methodology  for  the  application  of 
questionnaires  are  well  established  and  if  a sufficient  population  sample  for  the  statistical  evidence  and  the  reliability 
of  the  data  collected  can  be  guaranteed;  in  order  to  cope  with  subjective  ability  aspects  of  well-structured  information 
from  pilots  we  must  not  rely  on  extremely  sophisticated  applications  of  the  strongest  statistical  rules,  which  are 
applicable  only  for  experimental  research. 

H.P.Guerres:  I think  the  problem  is  that  we  should  not  take  only  one  method  and  say  it  is  the  best  one  - questionnaire, 
biochemistry  and  so  on.  If  we  have  a situation  also  in  the  field  of  motivation,  we  should  be  able  to  add  all  possible 
methods  together  in  measuring  or  assessing  pilot  workload. 

R.Auffrel:  Avant  de  clore  cette  session,  une  question  pourrait  servir  de  liaison  entre  les  deux  sessions  de  travail 
consacries  aux  “mithodes  et  Etudes  de  la  charge  de  travail”.  II  s'agit  des  correlations  existant  entre  les  methodes  et 
mesures  psychomotrices,  psychometriques,  psychophysiologiques  et  physiologiques.  Ce  sujet  pourrait  faire  Tobjet  d'un 
groupe  de  travail  etant  donne  sa  complexite  et  son  importance.  Mr  Hartman,  d qui  je  me  suis  permis  d’en  parler,  a 
bien  voulu  accepter  de  repondre  i cette  question  trds  delicate. 
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B.O.Harlman:  I do  not  know  whether  we  should  give  this  a little  bit  of  thought  or  a lot  of  thought. 

I have  been  intensel>  interested  in  this  general  problem  for  some  time,  because  in  the  work  I have  done,  and  in 
the  work  I follow  most  closely,  we  have  many  disappointments  and  a wide  range  of  techniques  and  I often  wonder  how 
we  bring  all  these  things  together,  how  can  we?  I become  convinced  over  the  years  that  if  we  have  the  operational 
problem  of  executing  all  the  performance  measures  we  desire  and  nobody  could  interfere  or  stop  us  from  doing  anything, 
we  could  indeed  find  situations  in  which,  in  particular,  the  psychomotor  measures,  or  the  objective  performance  measures 
if  you  prefer,  the  psychophysiological  measures  and  the  physiological  measures  would  come  together  and  support 
each  other,  and  then,  I can  think  of  situations  where  they  would  not.  Sometimes,  for  example  in  the  question  of  an 
optimal  display,  a measurement  from  the  physiological  doman  might  not  contain  enough  information  to  make  it  cost- 
effective,  or,  for  example  in  using  urine  biochemistry,  the  duration  of  the  mission  is  so  short  that  you  do  not  get  enough 
urine  to  make  it  worth  while  analysing  it.  1 think  you  can  see  the  kind  of  things  I am  thinking  of.  But  I think  it  would 
be  possible  to  build  a three-dimensional  matrix  in  which  one  dimension  would  be  the  operational  system  we  are  dealing 
with;  another  dimension  would  be  the  mission  requirements  that  we  are  dealing  with  and  then  the  third  dimension  is 
something  1 have  not  defined  very  well  but  it  would  be,  broadly  speaking,  the  biomedical  techniques  and  technology 
which  we  can  bring  to  bear  on  the  problem.  If  we  did  this  we  could  find  where  there  would  be  a substantial  amount 
of  agreement  and  support  from  the  various  disciplines,  leading  to  common  findings;  then  we  could  find  the  borderline 
areas  where  that  begins  to  break  down  and  lastly  the  areas  where  it  would  not  work  at  all.  I should  like  to  see  the 
working  group  consider  that  one,  and  see  whether  it  could  be  constructed,  and  then,  if  that  looks  pretty  interesting, 
to  see  the  Aerospace  .Medical  Panel  sponsor  a NATO  experiment.  If  we  really  do  this.  I think  the  critical  area  is  the 
border  line,  where  the  various  disciplines  and  approaches  begin  to  separate  out  from  each  other.  We  could  see  if  we  can 
demonstrate  empirically  that  the  matrix  makes  some  sense.  What  level  do  I expect?  Mutual  support  from  the  various 
approaches  psychomotor,  psychophysiological  and  physiological.  1 think  already  we  can  see  situations  in  which 
there  is  support  from  one  approach  to  another  at  the  level  of  conclusions,  but  also  at  the  level  of  specific  findings  or 
results.  That  is.  we  can  see  support  from  one  approach  to  another  at  the  qualitative  level,  but  not  yet  at  the  quantitative 
level,  perhaps  here,  again,  developing  some  sort  of  matrix  and  trying  this  out,  and  with  some  cross-Laboratory  fertilisation 
and  joined  activities  might  give  us  a better  feel  for  whether,  in  fact,  this  is  a useful  enough  idea.  The  only  item  I have 
not  yet  touched  on  here  is  the  psychometric;  being  a psychometrician  myself,  1 do  not  know  exactly  what  goes  into  the 
psychometric.  If  we  include  rating  scales  and  subjective  questionnaires,  such  as  I use  and  such  as  Mr  Brictson  and  some 
other  folk  use,  then  there  is  indeed  a place  for  those  and  a total  measurement  battery.  I am  not  talking  about  the 
relationships  between  these  various  approaches  but  rather  the  totality  of  all  approaches  in  an  integrated  approach;  there 
is  a place  for  psychometrics  in  there.  We  are  talking  about  the  other  kinds  of  psychometrics,  the  mood-scale  kind  of 
things,  the  personality  type,  personality  categorisation,  things  that  1 am  less  impressed  with  as  regards  their  potential 
contribution.  That  may  well  be  a very  personal  response,  because  in  my  laboratory  those  latter  kinds  of  psychometric 
instruments  have  been  of  very  little  use  to  us.  In  general,  1 should  just  like  to  say  that  in  all  of  these  areas  we  have 
an  urgent  requirement,  whether  we  are  doing  psychophysiological  studies  or  physiological  studies  or  performance 
measures,  to  focus  on  measures  that  are  as  close  as  possible  to  the  significant  issues  of  operation  effectiveness. 

R.Auffret:  Merci  beaucoup,  Mr  Hartman. 

tn  terminant  cette  session,  je  tiens  a remercier  tous  les  auteurs,  tous  les  interlocuteurs  et  tous  les  participants  de 
cette  table  ronde.  Par  la  quality,  la  precision  de  leurs  exposes,  ils  ont  rendu  notre  reunion  vivante  et  profitable.  J’avoue, 
personnellement,  y avoir  beaucoup  trouvi  d'interet  et  souhaite  qu’il  en  fut  de  meme  pour  la  nombreuse  assistance. 

Merci  egalement  a nos  interpretes  si  comp^tents  et  si  aimables. 
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